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Election of Officers 
of the A. I. E. E. 


The actions specified in the Institute’s Constitution 
and By-laws relative to the organization of a National 
Nominating Committee are being taken, and the meet- 
ing of the National Nominating Committee for the 
nomination of officers to be voted upon at the election 
in the Spring of 1928 will be held between November 15 
and December 15. All suggestions for the considera- 
tion of the National Nominating Committee must be 
received by the Secretary of the Committee at Institute 
Headquarters, New York, not later than November 15. 

The sections of the Constitution and By-laws govern- 
ing these matters are quoted below: 


CONSTITUTION 


28. There shall be constituted each year a National Nominat- 
ing Committee consisting of onerepresentative of each geogra ph- 
ical district, elected by its Executive Committee, and other 
members chosen by and from the Board of Directors not ex- 
ceeding in number the number of geographical districts; all to be 
selected when and as provided in the By-laws; The National 
Secretary of the InsmTur« shall be the secretary of the National 
Nominating Committee, without voting power. 

29. The executive committee of each geographical district 
shall act as a nominating committee of the candidate for election 
as vice-president of that district, or for filling a vacancy in such 
office for an unexpired term, whenever a vacancy occurs. 

30. The National Nominating Committee shall receive such 
suggestions and proposals as any member or group of members 
may desire to offer, such suggestions being sent to the secretary 
of the committee. 

The National Nominating Committee shall name on or before 
December 15 of each year, one or more candidates for president, 
treasurer and the proper number of managers, and shall include 
in its. ticket such candidates for Vice-Presidents as have been 
named by the nominating committees of the respective geo- 
graphical districts, if received by the National Nominating 
Committee when and as provided in the By-laws; otherwise the 
National Nominating Committee shall nominate one or more 
candidates for vice-president (s) from the district (s) concerned. 


BY-LAWS 

Src. 21. During September of each year, the Secretary of 
the National Nominating Committee shall notify the chairman 
of the executive committee of each geographical district that by 
November Ist of that year the executive committee of each 
district must select a member of that district to serve as a member 
of the National Nominating Committee and shall, by Novem- 
ber Ist, notify the secretary of the National Nominating Com- 
mittee of the name of the member selected. 

During September of each year, the Secretary of the National 
Nominating Committee shall notify the chairman of the execu- 
tive committee of each geographical district in which there is or 
will be during the year a vacancy in the office of vice-president, 
that by November 15th of that year a nomination for a vice- 
president. from that district, made by the district executive 


committee, must be in the hands of the Secretary of the National 
Nominating Committee. 

Between October 1st and November 15th of each year, the 
Board of Directors shall choose five of its members to serve on the 
National Nominating Committee and shall notify the secretary 
of that committee of the names so selected, and shall also notify 
the five members selected. 

The Secretary of the National Nominating Committee shall 
give the fifteen members so selected not less than ten days’ 
notice of the first meeting of the committee, which shall be held 
not later than December 15th. At this meeting, the committee 
shall elect a chairman and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next election. All 
suggestions to be considered by the National Nominating Com- 
mittee must be received by the secretary of the committee by 
November 15th. The nominations as made by the National 
Nominating Committee shall be published in the January issue 
of the A. I. E. E. Journat, or otherwise mailed to the InstTiruTE 
membership during the month of January. 

F. L. Hutcurson, 
National Secretary 


Some Leaders 
of the A I. E. E. 


Cummings C. Chesney, president of the Institute 
1926-1927—-and in May 1927 elected one of three new 
vice-presidents of the General Electric Company,— 
was born at Selingsgrove, Pennsylvania, October 28, 
1863. He graduated from the Pennsylvania State 
College in 1885 and for three years thereafter taught 
mathematics and chemistry. In 1888 Mr..Chesney was 
employed by the William Stanley Laboratory at Great 
Barrington, Mass., where he devoted the major portion 
of his time specifically to experimental chemistry and 
electrodynamics. In 1889 he removed, with the Stan- 
ley Laboratory, to the plant of the U.S. Electric Light- 
ing Co., subsidiary of the Westinghouse Electric & 
Mfg. Co., Newark, N. J. The following year, he and 
Mr. Stanley returned to Pittsfield, Mass., and organized 
the Stanley Electric Manufacturing Company, for the 
development of alternating-current equipment. Many 
of the subsequent developments in this line were made 
possible by Mr. Chesney’s own inventions, and his 
company was responsible for the well-known S. K. C. 
(Stanley, Kelley, Chesney) system, which was the 
first of its kind in America to be put into successful 
operation in a polyphase transmission plant. One, 
although installed in 1898, is still supplying light and 
power to the towns of Housatonic and Great Barring- 
ton, Mass. In 1895, a 12,000-volt plant was installed 
for service between Lowell, Mich. and Grand Rapids, 
and here again the operating success of the alternators 
was due to the specially designed equipment by which 
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the high-voltage was generated in the stator element 
by a revolving rotor. This was the first production 
of a true sine wave voltage. At an early period, 
two-phase a-c. induction motors, electrostatic con- 
densers for 500 volts and transformers of 100-light 
capacity were developed. In the transformer, all 
spaces in the coil were filled with Gilsenite to provide 
for better insulation and heat dissipation. The most 
effective general insulation in use today was developed 
by the Stanley Company 1891-1892, superseding the 
old insulating method of coating with shellac and 
P&B paint. 

In 1893, the belt-driven alternator was successfully 
applied and in 1899, alternators of this design, direct- 
connected to steam engines, were used with excellent 
results in the power house of the Staten Island Electric 
Company. ‘They were the first alternators to operate 
in parallel and to be put in regular commercial service. 
Switchboard instruments, high-voltage arc-breaking 
devices, frequency indicators, indicating wattmeters, 
lightning protectors for low- and high-voltage circuits, 
condensers, etc., were among much of other equipment 
produced by the Stanley Manufacturing Company; 
in fact this company built the first revolving field type 
of alternators used in America. These were extensively 
applied to large operations upon the Pacific Coast— 
the longest high-voltage lines then in any section of 
the world—using from 40,000 to 60,000 volts. Of 
his company, Mr. Chesney was vice-president and 
chief engineer from 1904 to 1906, when he was chosen 
chief engineer and manager of the Pittsfield works 
of the General Electric Company by which the Stanley 
Manufacturing Company was absorbed. Under Mr. 
Chesney’s supervision, the Pittsfield works of the 
General Electric Company displayed remarkable prog- 
ress in the development of apparatus for commercial 
service up to 1,000,000 volts. He was a tireless worker 
and made it a point at all times to keep in close contact 
with every phase of the organization’s work. Many of 
the industry’s highest honors have justly fallen to him, 
as well as awards for purely scientific achievement. 
In February 1922 he received the Edison Medal and a 
diploma in recognition of his contribution to the field 
of applied electricity and the perfection of a-c. machinery 
and high-voltage transmission. Prior to his term as 
president, he had served the Institute as manager 
(1905-1908) and as vice-president (1908-1910). He 
is a member of the Society of Arts, London, the 
American Society for the Advancement of Science and 
the Engineers Club of New York. Mr. Chesney has 
also done much for humanity as chairman of the in- 
dustrial committee of the crippled children’s home in 
Pittsfield, one of the best equipped industrial rehabili- 
tation schools for children in New England. He is a 
director of the Agricultural Bank and president of 
the Morris Plan Bank of Pittsfield. 


NOTES AND COMMENTS 


Journal A. I. BE. E. 


Wear Resistance 
of Gages Studied 

Special tests by the United States Bureau of Stand- 
ards to determine the wear of metal used in gages have 
been carried on with considerable difficulty because of 
the wear resistance of different metals and on account 
of many variables encountered in shop gaging practise. 
It has likewise been exceedingly difficult to secure 
data which would adequately define the conditions 
under which test gages might have been used. 

One of the experts at the Bureau recently described a 
laboratory wear tester designed for plug gages. This 
machine which provides for the repeated insertion and 
removal of plug gages representing the ‘‘work’’ has been 
found to give consistant results because of the possi- 
bility of closely controlling the gaging conditions. 

Supplementary and more extended tests have been 
made in which test gages were used without abrasives, 
in steel, aluminum alloy and cast iron containing 
appreciable proportions of pearlite showing that 
chromium steel gages had the highest resistance to 
wear. Ammonia treated chromium alluminum steel 
was next. These were stated to be vastly superior to 
the remainder of the group. In general file soft steel 
showed better resistance to wear than corresponding 
steel in the file hard condition. This difference was 
most noticeable in an oil hardening tool steel. 


Machinery Versus 
Man Power 


In spite of the great increase in population since 1914, 
the factories of the United States are employing seven 
per cent less men, due to the wide spread use of machin- 
ery, according to Secretary of Labor, Davis. Restric- 
tive immigration has made it possible to carry these 
great developments without hardships according to the 
Secretary and “in the end every device that lightens 
human toil and increases production is a boon to 
humanity. It is only the period of adjustment when 
machines turn workers out of their old jobs into new 
ones, that we must learn to handle them so as to reduce 
distress to the minimum. 

“Every day sees the perfection of some new mechani- 
cal miracle that enables one man to do better and more 
quickly what many men used to do. In the past six 
years especially, our progress in the lavish use of power 
and in harnessing that power to high-speed productive 
machinery has been tremendous. Nothing like it has 
ever been seen on earth. But what is all this machinery 
doing for us? What is it doing to us? I think the 
time is ripe for us to pause and inquire.” 

The Secretary then reviews several industries in 
which machinery has made possible a marked reduction 
in labor. 


Abridgment of 


Transients Due to Short Circuits 


A Study of Tests Made on the Southern California Edison 
220-Kv. System 


BY R. J. C. WOOD: 


Associate, A. I. E. E. 


Synopsis.—The paper deals with records which have been ob- 
tained during short circuits upon the Southern California Edison’s 
220-kv. system. The main features of the system are outlined, and 
such operating data as are necessary to afford an understanding Of 
the various conditions which have to be met are included. The 
general scheme of relays is described, and the causes of flashovers and 
their times of occurrence are tabulated, together with the percentages 
which cause interruptions to service. Whether or not interruption is 
caused is found to depend, among other things, wpon the load being 
carried at the time. With load below 150,000 kw., there are no 


LLOYD F. HUNT: 


Associate, A. I. E. E. 


S. C. GRISCOM? 


Associate, A. I. E. E. 


A number of typical 
It is shown that 


interruptions unless relays are inoperative. 
records of short circuits are shown and analyzed. 
large amounts of power are consumed in short circuits, but that this is 
dependent upon the ground resistance. Practically all short circuits 
are single-phase to ground. The advantage of low-reactance 
machines is discussed and the various factors that prevent loss of 
synchronism pointed out. The records show that there is but little 
af any tendency for synchronous machines at either end of the line to 
fall out of step among themselves as a group, but that the sending end 
under certain conditions will get out of step with the receiving end. 


INTRODUCTION 


: HE ever increasing necessity of transmitting 
greater power over longer distances at higher 
voltages has led to considerable study during 

the last few years of the factors affecting the power 

limits of transmission systems. The ability of such a 

system to withstand short circuits without experiencing 

more than. momentary disturbance is of the greatest 
importance in determining its economic capacity rating. 

The problem was first attacked by theoretical analysis, 

concentrating upon the steady state or static limits. 

Supplementary shop tests were made, in so far as a 

power system could be duplicated in miniature, but 

assurance was still lacking, that the results obtained 
would apply to actual systems. 

- Subsequent analysis and observation of. power 
systems indicated that their behavior during transients, 
such as those caused by short circuits and switching, 
was of the greatest importance. A very large amount 
of theoretical work was done in connection with this 
phase of the problem and an extensive series of tests 
was made upon the Pit River system of the Pacific 
Gas and Electric Co. The results of this work are 
described in two papers before the Institute*. Theclose 
agreement between the results of the test and calcula- 
‘tions indicated that any specific condition on a given 
system can be analyzed mathematically with a reason- 
able degree of accuracy, and the system designed 
accordingly. However, to obtain the over-all per- 
formance of a system, it is necessary to know not only 


1. Southern California Edison Company, Los Angeles, Calif. 

2. Westinghouse Electric & Mfg. Company, E. Pittsburgh, Pa. 

3. Studies of Transmission Stability, by R. D. Evans and 
C. F. Wagner. Practical Aspects of System Stability, by Roy 
Wilkins, A. I. E. E. Trans., Vol. 45, p. 41. 

Presented at the Pacific Coast Convention of the A. I. EH. E., 
Del Monte, Calif., Sept. 13-16, 1927. Complete copies available 
upon request. 


its performance under stated conditions but also the 
character and frequency with which such conditions 
will be met in practise. 

The Southern California Edison Company’s Big 
Creek lines have been operated at 220 kv. since May 6, 
19238. Prior to that time, no automatic relaying 
of sections of the line was in use. Since relays have 
been in operation, the larger percentage of faults have 
been cleared without interruption to service; some of 
the short circuits occurring at times of heavy load have 
caused the two ends of the system to go out of step even 
after proper elimination of a faulty section of line 
by relays. This has happened also as a result of heavy 
short circuits on 60-kv. lines out of 220-kv. substations. 


In order to obtain information as to just what hap- 
pened on this system under these abnormal conditions, 
special recording instruments were furnished by the 
Westinghouse Company and installed at a number of 
points upon the system. By their use, data as to the 
type of trouble and its effect upon the system have been 
recorded. 


The purpose of this paper is to present the results of 
this investigation, which has been going on since August, 
1925. Although the details of the disturbances en- 
countered will undoubtedly be different on other 
systems in different localities, yet there will be points in 
common, and the range of conditions to be met will 
probably be of at least the same order onallsystems, and 
the analysis be of more than local application. 

The single-line diagram of the Big Creek system, 
Fig. 1, shows the unit system (220-kv.) at each station. 


220-Kv. RELAY SYSTEM 


Since the 220-kv. transmission system of the Southern 
California Edison Company is the backbone of the 
entire system, the importance of perfect automatic 
sectionalizing is supreme. Statistics show that approx- 
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imately all failures on the 220-kv. lines are one phase to 
ground. Therefore the most important protection on 
these lines is the ground fault protection. Since faults 
must be cleared in a very short time to prevent inter- 
ruption, a scheme that is not extremely fast in operation 
should not be used. 

Many relay schemes were devised and tried out on 
actual dummy systems. The one that proved most 
successful was the current balanced relays for phase-to- 
phase and phase-to-ground faults. All the Big Creek 
plants,—Vestal, Magunden north, Eagle Rock, Gould 
south and Laguna Bell—are equipped with two-line 
phase and ground balance current relays. 

In the case of trouble on the last or single line in any 
section, ordinarily the are can be broken only by lower- 
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ing the voltage of the system. This is done by ac- 
tuating a time relay by means of ground current at all 
the Big Creek generating and 220-kyv. substations, 
which, in some cases, trips the voltage regulator, and in 
others, starts a motor-driven rheostat to lower the 
exciter voltage of the generators and condensers. 


TIME AND CAUSES OF FLASHOVERS 

The total number of flashovers on the 220-kv. lines 
from January 1, 1924 to May 1, 1927, occurring during 
the various hours of the day is shown by Curve A, 
Fig. 7. Curve B is an average daily load curve for one 
year. It will be seen that most of the flashovers have 
occurred between the hours of 3 a. m. to 7 a. m., during 
the light load period. Line C, indicating the load below 
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which flashover does not cause outage, shows correct 
relay operation and will be discussed later. (Refer also 
to Fig. 8.) 


RESTORATION OF SERVICE 
Ordinarily when a section of line is cleared by relays, 
the service is not interrupted. Some times with 
heavy loads, however, the shock to the system is too 
great and the Big Creek end and the receiving end fall 
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out of step with each other. In this case, the steam 
plant picks up as much load as possible and the Big 
Creek plants try to hold normal speed. In the mean- 
time, sufficient load is dropped, accidentally or other- 
wise, so that the plants can pull up the load to normal 
speed. Normally this may take from one minute up 
to several. 

When a flashover occurs on a non-automatic section 
of line, the flashover suppressors lower the voltage and 
as soon as the arc breaks bring the voltage up. The 
devices are timed to make this complete operation in 
15 sec. Sometimes, at heavily loaded periods, the 
driving force at Big Creek pulls out of step with the 
rest of the system by over speeding. The system is 
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brought back together in a similar way as above but 
usually takes a little longer. 


SYSTEM OUTAGE 
The proportion of times the system is likely to be put 
out of service due to flashovers is variable, depending 
upon the load, system connections, and the severity of 
the trouble. 
Fig. 8 is a chart showing what the percentage of 
outages has been due to 220-kv. flashovers occurring at 
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different loads. Curve A shows this relation in which 
outages from all causes are included. In Curve B, only 
those cases in which perfect relay action was secured are 
included. The difference between the two curves is 
principally accounted for by incorrect relay operation 
and operation with relays not in service. 

It will be seen that for loads below approximately 
150,000 kw., the probability of outage is very small and 
has been zero when the relay operation has been perfect. 
The Line C in Fig. 7 has therefore been drawn to this 
value. By reference to the load and flashover curves 
of Fig. 7, it will be noted that during the period in 
which loads in excess of 150,000 kw. are transmitted, 
the number of flashovers is small resulting in few actual 
outages. For this reason, the system can economically 
be operated at a high rating without serious possibility 
of outage. 

The 220-kv. system has been caused to fall out of 
step due to troubles originating on the 60-kv. lines, 
the relation between the percentage of outage and trans- 
mitted load being similar, in a general way, to the curve 
shown by Fig. 8. It has been found that by setting 
the relays on the 60-kv. system adjacent to Eagle Rock 
and Laguna Bell for short time tripping, the communi- 
cation of these troubles to the 220-kv. system has been 
very greatly reduced. 


RECORDING APPARATUS 


The instruments used during these tests were not 
designed for continuous operation, but were arranged to 
be cut into service whenever a ground current flowed on 
the 220-kv. system, due to a line-to-ground fault. The 
general plan of the initiating equipment an automatic 
recording instrument control, is shown in Fig. 9. 
An induction type relay, A, is connected to oper- 
ate whenever current flows in the neutral of the 
main transformer bank at the station. This relay is 
set so as to operate in about one-tenth second with an 
average value of ground current. Its contacts complete 
the circuits of several auxiliary relays, which connect the 
different elements of the recording apparatus into 
circuit. The contacts of one of these auxiliary relays 
parallel the initiating relay contacts, locking the circuit 
so that the instruments continue to operate even though 
the fault current has ceased. After a period of about 
25 sec., another relay, B, short-circuits the holding 
coil of the lock-in relay, causing it to open and dis- 
connect the apparatus. Wherever possible, the re- 
quired power was taken from a source independent of 
the main system, so that the instruments would 
continue to operate even though there was a service 
interruption. 

The various quantities measured are as follows: 

1. Power into or out of station 

2. Ground current 

3. Bus voltage 

4. Hydraulic gate opening. 

The installations were made at a number of remotely 
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separated points on the system in order to record the 
changes taking place at different parts of the system, 
and also to insure getting at least one record for each 
disturbance. This was rendered necessary because a 
short circuit at one end of the system did not always 
give a sufficiently large current at the other end of the 
system to operate a ground current relay. 


TYPICAL RECORDS 


During the period in which the automatic recording 
apparatus has been installed, records have been ob- 
tained on about 65 flashovers. Of these, no two are 
exactly alike, since they involve different system set- 
ups, different loads, and different type and location of 
fault. Consequently from the large number of records 
available, it has been necessary to select a few which 
may be taken as typical of the different conditions that 
may ocur in practise. The total synchronous kilo- 
volt-amperes listed refer to the capacity connected at 
Big Creek, Vestal, Eagle Rock and Laguna Bell. 

At the time this flashover took place, there was no 
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automatic protection in case a short circuit occurred 
on the 150-kv. bus, except that provided by the opera- 
tion of the flashover suppressors; consequently the short 
circuit continued for several minutes. The records 
were taken at Big Creek No. 3, and show the combined 
output of generators No. 1 and No. 2, the output of, 
and hydraulic input to generator No. 3. The first 
two seconds of the record is omitted since there 
was little variation during this period. At about 
three seconds after the beginning of the short 
circuit, the power output at Big Creek No. 3 begins 
to fluctuate slightly, the rapidity of the fluctuations 
eradually increasing. This is probably due to the 
generators at Big Creek No. 1 pulling out of step with 
the rest of the system owing to the reduction in their 


‘field currents by the action of the flashover suppressors. 


After having thus pulled out of step, the mean output 
of Big Creek No. 1 is very small, and the loss of this 
generating capacity allows the system as a whole to 
drop in frequency. This causes the governors at 
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Big Creek No. 3 in an attempt to regain normal 
frequency, to open up as shown by the record of gate 
opening of the No. 3 unit. Meanwhile, the are sup- 
pressors at Big Creek No. 3 have also functioned, 
making the generators in that plant incapable of sus- 
taining their load, and they also pull out of step, as 
evidenced by the rapid reversals of power. Each 
reversal in the direction of power flow means that the 
generators at Big Creek No. 3 have slipped a pole with 
respect to the rest of the system, and that they are 
overspeeding. The hydraulic input to the generators 
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despite the fact that the line was relayed out correctly. 
The oscillographs from both Eagle Rock and Vestal 
showed that the generators had commenced to pull out 
of step within three-fourths second after the beginning 
of the flashover. (The first visible cycle on the oscillo- 
grams taken at Eagle Rock and Vestal are about 20 
cycles after the start of the short circuit due to the time 
lag of the relays and the oscillograph lamp.) The varia- 
tion in magnitude of the ground current is due to the 
change in voltage as the Big Creek machines shift in 
phase position with reference to each other and to the 
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is then decreased by the action of the governor until 
normal frequency is regained. The remainder of the 
charts, (not shown in the illustration), shows the 
clearing of the short circuit and subsequent building up 
of load. During this period, there was considerable 
hunting of the governors. 

This flashover, Fig. 15, occurred at a time when the 
transmitted load was fairly high, and, in addition, the 
fault resistance was of such a value as to cause a large 
amount of power to be consumed. This combination of 
circumstances was such as to cause loss of synchronism 
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remainder of the system. The first visible part of the 
record shows that the ground current first decreases and 
then pulsates in amplitude indicating that the phase 
position of the Big Creek machines has advanced be- 
yond the point corresponding to the maximum power 
limit. The enormous amount of energy consumed by 
this flashover is shown by the records from Laguna Bell 
and Eagle Rock. While the short circuit lasted (about 
1.5 sec.), the power fed out of the Laguna Bell substa- 
tion was over 90,000 kw., (this is the maximum the in- 
strument could record in this direction), while the 
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amount of power originally fed into this substation was 
74,000 kw., a difference of over 164,000 kw. The original 
amount of power into the Eagle Rock substation was 
120,000 kw., dropping to 30,000 kw. when the flashover 
struck. Therefore the total Big Creek power to the 
two receiving stations changed from 194,000 kw. in, 
to 60,000 kw. out, when the flashover occurred, a dif- 
ference of 254,000 kw. No record was obtained of the 
corresponding variation in Big Creek power, but it is 
probable that it dropped somewhat momentarily owing 
to the comparatively low resistance of the fault and the 
high reactance of the 233-mi. of line. 

The ampl:tude of voltage at the Eagle Rock sub- 
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station varies at the slip frequency, as shown by the 
oscillogram. The fact that the fluctuations in syn- 
chronous condenser power occur at this same frequency 
shows that the condensers are maintaining synchronism 
with the bus to which they are connected, and are not, 
themselves, out of step. No instances have been 
recorded in which synchronous condensers have gone 
out of step with the station bus voltage. 

Fig. 16 shows oscillograms typical of those obtained 
where the system does not pull out of step with a 220-kv. 
flashover. The drop in voltage is very slight even while 
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the short circuit is on, and it immediately regains its 
original value after the short circuit is cleared. Except 
for this slight drop in voltage and small power surges, 
there is no system disturbance. The oscillogram taken 
at Eagle Rock furnishes a good illustration of the suc- 
cessive opening of circuit breakers as shown by the 
changes in ground current. Owing to the line con- 
nections employed, it is necessary for the breakers at 
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three points to open to clear a fault in the section where 
increasing the total time re- 
quired before the fault could be entirely cleared. 

Fig. 18 gives a record included for the purpose 
of showing the type of the disturbance caused by 
a 60-kv. short circuit near McNeil substation, not 
resulting in loss of synchronism. The voltage on 
the 60-kv. bus dropped appreciably while the short 
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circuit was on, but quickly regained its normal value 
with very slight fluctuations accompanied by a surging 
of power from the Big Creek system. The breaker on 
the end of the line nearest to Eagle Rock probably 
opened at point A, reducing the ground current 
required below that to hold the initiating relay closed. 
The measurement of the 60-kv. bus potential starts at 
this time, the voltage being about half of normal until 
the short circuit is completely cleared at B. 


DISCUSSION OF INDIVIDUAL FACTORS AFFECTING 
STABILITY 


Out of a total of 65 disturbances taking place 
during the period that automatic recording apparatus 
was installed, there were practically no cases in which 
the system set-ups were identical or in which character 
of faults were the same. Consequently, it is not 
possible to make a direct comparison of some of the 
factors without the use of a certain amount of supple- 
mentary theory to place the cases on a common basis. 
The purpose of the following section is to isolate some of 
the factors affecting stability, and to analyze them 
individually, drawing upon the test results as much as 
possible. 


TYPE OF FAULTS 


The 220-kv. disturbances occurring between August, 
1925, and May, 1927, are as follows: 
220-kv. line to ground.. .59 
Station bus to ground... 4 


Conductor-break........ 1 
Opene discount... 150 1 
65 


These faults occurred in almost every possible com- 
bination. They included ~high-resistance faults at 
many points on the 220-kv. lines, low-resistance faults 
on the 150-kv. buses at the ends of the line, and occurred 
at times of widely varying loads; also, the operations 
have included those in which normal relay protection 
was in service and other cases in which the lines for 
maintenance work or otherwise were operated non- 
automatically. As shown by the tabulation, all but 
two of the faults were single-phase short circuits to 
ground, the protection for which should be made the 
basis of design. In this connection, it should be pointed 
out that although very few records were obtained from 
faults on the 60-kv. network, the number of faults on 
this network exceed those on the 220-kv. system. 
With the initiating relay scheme used, only the 60-kv. 
faults near the Eagle Rock substation were recorded. 
So far as the stability of operation of the 220-kv. system 
is concerned, only the 60-kv. faults occurring close to 
the Eagle Rock or Laguna Bell Substations are of 
importance. For these reasons, most of the subsequent 
discussion will be devoted to line-to-ground faults on 
the 220-kv. lines, and those line-to-ground faults on the 
60-kv. system, close to the receiving substations. 
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LOCATION OF FAULTS 


The location of a fault affects the stability of the 
system in two ways: (1) According to the amount of 
synchronous equipment and load in proximity to the 
fault, and (2), in so far as the local conditions affect the 
resistance of the fault. In order to evaluate the effect of 
the first, a set of curves was calculated to show the the- 
orectical variation in the voltage, current, and power 
relation for faults of different resistance and locations. 
These curves were based on two-line operation with a 
single-phase ground on one line. A _ representative 
system condition was approximated by taking an 
average capacity in generators at the two ends of the 
line. Certain simplifying assumptions were made to 
facilitate calculations, the resistance of the lines and 
station ground being neglected and the generator volt- 
ages being assumed equal and in phase. The curves 
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of Fig. 19 show the variation in |total {fault jcurrent 
against location of fault for different fault resistances. 
With zero fault resistance, the current varies from about 
2000 amperes in the middle of a section, to about 3000 
amperes at either end. As the assumed resistance of 
the fault is increased, the variation due to |location 
becomes less marked until, with 100 ohms resistance, 
the magnitude of the current is practically independent 
of the location. In order to get an approximate idea 
of the range of fault resistances actually encountered in 
practise, the values of total fault current obtained (for 
different flashovers are plotted on this diagram. 
Graphic recording ground ammeters are used in all of 
the 220-kv. generating and substations, and the sum of 
the readings of these ammeters was used to indicate the 
total fault current. The values thus obtained are not 
very accurate, since the ammeters were not of a type 
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suitable for accurate measurement when the current 
was of short duration, and because the arithmetical 
rather than the vector sum was obtained. However, 
for purposes of comparison, it is believed that the figures 
are sufficiently reliable, particularly, since, with so 
many readings to be added, the individual errors would 
tend to cancel out. By comparing the observed and 
calculated values, it will be noted that the actual fault 
resistance varies from about 25 to 250 ohms. The 
lower values of fault resistance are found near the 
region of the receiving end of the system, and the higher 
values toward the sending end. This difference can be 
explained by the character of the country through 
which the transmission lines pass. 


FAULT RESISTANCE 
As indicated by the Curves of Fig. 19, the fault cur- 
rent is determined very largely by the fault resistance 


when it is above approximately 25o0hms. The relation 
between the curves and the points obtained from 
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eround current ammeter readings indicate that the fault 
resistances vary considerably, ranging from about 25 
to 250 ohms. This value of ground resistance is very 
important in its effect on the system, as is shown by 
Fig. 21 which gives the different fault resistances for 
phase-to-ground fault at Magunden substation. The 
two most important quantities from the standpoint 
of stability are the reduction in voltage and the 
increase in power demand caused by the short cir- 
cuits. Between 0 and 50 ohms, the positive sequence 
voltage varies from 64 per cent to 80 per cent, while 
the power demand varies from 0 to 150,000 kw. These 
curves were calculated for a short circuit at Magunden, 
and this range of resistance is the most critical for this 
point. Between 50 and 100 ohms ground resistance, 
the power demand due to the short circuit is practically 
unchanged, while the positive sequence voltage rises 
from 80 to 92 per cent. Although the results to 
the system are not so severe within this range as at 
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the lower resistances, it is also rather a critical one, 
owing to the high power demand. Beyond 100 ohms, 
the power demand falls off rapidly, while the positive 
sequence voltage remains at a high value, resulting in 
the least shock to the system. For short circuits at 
other locations, the maximum power demand would be 
considerably increased The commercial load on the 
system is also changed by the short circuits, depending 
upon the drop in voltage and its duration. 

The enormous amount of power consumed by a single 
phase ground is well brought out by the record from 
Laguna Bell shown by Fig. 15. In this case, the power 
taken by the fault was sufficiently great to change the 
power flow at the receiving substations from 194,000 kw. 
flowing in, to over 60,000 kw. flowing out. Assuming 
that the Big Creek power momentarily dropped by 
about 50,000 kw., due to the lower voltage at the 
receiver end, the indications are that about 200,000 kw. 
was consumed in the fault. When it is recalled that the 
total ground current during this flashover was over 
2000 amperes, it will be seen that a fault resistance of 
only 50 ohms is necessary to account for the power in 
question. The effect of this load, suddenly thrown on 
and then suddenly released, was sufficient to cause the 
system to lose synchronism. 

It should be noted that the conditions on the 220-kv. 
lines of the Southern California Edison Company are 
very favorable from the standpoint of fault resistance, 
since the very great majority are over 100 ohms in 
resistance, while the resistances which would cause the 
most disturbance are considerably lower in value. 
This fact should be borne in mind when estimating the 
probable performance of other systems by comparison, 
because if the fault resistances are low, poor operation 
may result even though the system is otherwise well 
laid out. 

Owing to the great importance of ground resistance in 
determining the action of the system, it may in some 
cases be desirable to take special precautions to keep 
the resistance above the critical value by using high 
resistance overhead ground wires, resistance grounding 
of transformer neutrals with full, 220-kv., class insulation 
or some other method; whichever may be found to be 
most practical in any particular case. 

Since no definite time of circuit breaker opening will 
be satisfactory for all cases, the best procedure is to 
obtain, as quickly as possible, an isolation of the fault. 
With the balance current type of relay used, it is possi- 
ble to secure very rapid relay action, the minimum 
time being principally determined by the time required 
for the circuit breaker to open after being tripped. 
Oscillographic measurements during a large number 
of flashovers give the following average times from the 
beginning of the short circuit for operation of circuit 
breakers. Straight line sections, (two breakers to 
completely isolate line), 0.75 sec. for first breaker to 
open; 1.2 sec. for last breaker. Tapped line, (three 
breakers to completely isolate line), 0.75 sec. for first 
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breaker, 1.3 sec. for second breaker, and 1.7 sec. for 
last breaker. 


LENGTH OF LINE SECTIONS 

Owing to the fact that other conditions had a greater 
effect, it is not possible to show from the records the 
influence of the length of line section on stability of 
operation. Other things being equal, however, it is 
probably safe to assume that the length of the section 
affects the working power limit of the line about in- 
versely as the percentage increase in the total system 
impedance, (including generator and transformer re- 
actance), caused by switching out the section. 


REACTANCE OF TRANSFORMERS AND MACHINES 


Owing to their nature, the tests could not show the 
value of low reactance in increasing the power limit of 
the system, but this point has been very well established 
by theory, and extensions of the system are being 
equipped with generators and transformers having 
reactances lower than the usual values. 


60-Kv. SHORT CIRCUITS 

On the Edison system, it has been the experience that 
short circuits on the 60-kv. network may be quite as 
detrimental to the operation of the 220-kv. lines as 
short circuits on the 220-kv. lines themselves if they 
occur close to the 220-kv. terminal substations. 
Fundamentally, short circuits close to terminal sub- 
stations should differ but little in their effect upon the 
system whether they are on the 60-kv. or 220-kv. 
networks. Such differences as may actually exist must 
be due to conditions affecting the kilowatt and kilovolt- 
ampere demand on the system, and the duration. As 
pointed out in a previous section, the resistance of the 
majority of the faults on the 220-kv. lines is above the 
critical range owing to the character of the country 
through which these lines pass. On the 60-kv. network, 
the critical range of resistance is considerably lower, 
(approximately the ratio of the squares of the two 
voltages), but these lines pass through regions where it is 
known that the ground resistances are quite low. It 
appears probable, therefore, that the relatively greater 
severity of 60-kv. short circuits is in part due to the 
fault resistances being within the critical range. Con- 
sideration is now being given to the possibility of re- 
ducing the fault currents under phase-to-ground fault 
conditions by using transformers with delta connections 
on the 60-kv. side and possibly by removing the grounds 
from some of the transformer neutrals where more than 
one bank is located in a given station. 

It was found by experience that very greatly im- 
proved operation of the 220-kv. system was obtained 
by reducing the time settings on the relays for the 60- 
kv. lines out of the Eagle Rock and Laguna Bell sub- 
stations. 


GOVERNOR OPERATION 


In practically every case of a flashover to ground on 
the 220-kv. lines, the records obtained have shown that 
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the governors on the Big Creek generators operate to 
increase the input to the machines. This effect, as 
shown by Fig. 10, is likely to produce instahility. 
When a flashover occurs the capacity of the line for 
through power transmission is reduced, owing to the 
drop in voltage, and when the faulty section is finally 
cut out, the transmission capacity is reduced still 
further over that originally available. Also, the os- 
cillations in phase position of the various synchronous 
machines require that a flow of power in excess of the 
average load on the machines be available to hold them 
in synchronism. Any increase in the average load will 
cause the peaks of the power oscillations to reach 
higher values, and if they then exceed the transmitting 
capacity of the system, the generators will pull out of 
step from the rest of the system. This point is illus- 
trated by Fig. 22 showing how normal governor action 
may increase probability of pull-out, being the tran- 
sient power limit of the system being represented by 
the line A. Curve B is a hypothetical curve show- 
ing the variation in power output of the sending 


POWER OUTPUT OF 
BIG CREEK GENERATORS 


TIME 
Dies Ly 


generators, and Curve C is the prime mover input 
to them. It is assumed that the added power 
taken by the fault causes the system as a whole to 
slow down, thus making the governors of the water- 
wheels admit more water. The peaks of the power 
output oscillations increase until they reach the 
maximum capacity of the system at which point the 
momentum of the generators in their oscillation cannot 
be absorbed by the system and they pull out. When 
the machines overspeed, the governors finally operate 
to reduce the input as shown by the continuation of 
Jurve C, The remedy for this condition is to have a 
system of control that will partially close the waterwheel 
gates upon the occurrence of a major disturbance, and 
later, after a proper interval of time, reopen them to 
their previous value. 

The purpose of this arrangement would be to tem- 
porarily lower the input to the machines to conform to 
the temporarily reduced capacity of the transmission 
lines, and after the trouble is cleared, to gradually 
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resume the normal load. Since at light loads it is 
unnecessary to take any special precautions to obtain 
stable operation, the relay-selecting scheme would be 
arranged to prevent operation unless the transmitted 
load was in excess of a certain predetermined value. 
This scheme is now being given consideration for use 
on the Big Creek generators. Depending upon the 
rate at which the gates can be closed, the use of a device 
of this kind should materially reduce the number of 
disturbances causing interruption of service, and, in 
the case of those which do, should facilitate the restora- 
tion of service by permitting the system to pull together 
more rapidly. . 


REGULATION 


In every case observed with the exception of that 
illustrated by Fig. 15, loss of synchronism, if it took 
place, did not occur until one second or more after the 
beginning of the disturbance. This shows that an 
appreciable time is available in which the field excitation 
of the synchronous machines may be increased to con- 
form to the additional requirements. This can be 
accomplished only if the voltage regulator is capable of 
responding quickly and accurately and the exciters are 
able to build up in voltage rapidly. The object of a 
quick-response excitation system is to rapidly build up a 
voltage across the field winding of a synchronous 
machine, to provide sufficient additional magnetomotive 
force to neutralize the demagnetising action of the short- 
circuit current flowing in the armature windings. 
Owing to the fact that with a high resistance fault the 
voltage on one of the good phases may actually rise, 
the ordinary voltage regulator, if connected to this 
phase, would tend to reduce the excitation. This 
possibility can be overcome by the use of a regulator 
operated by means of a positive sequence network, and 
the new generators for power house No. 2-A, in addi- 
tion to having a quick response system of excitation, 
will also have this type of regulator. 


TRANSMITTED LOAD 


Whether or not a given system is able to withstand a 
disturbance is determined by the particular combination 
in which the controlling factors occur, as discussed in 
previous paragraphs. It is therefore impossible to 
place a definite numerical value on the transmission 
capacity of the system. However, data are available 
on a sufficient number of cases of flashover to permit of 
curves being drawn, showing the percentage of flash- 
overs which cause outages at different loads. The 
curves of Fig. 8 were drawn for troubles originating on 
the 220-kv. system only, for the over-all operation of 
the system and for those cases in which perfect relay 
operation was secured. ‘These curves show that the 
probability of an outage increases with the load being 
earried. The permissible operating loads depend 
largely upon local factors, such as frequency and 
time of occurrence of disturbances and perhaps even 
more upon how far it is justifiable to increase the cost of 
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power in order to achieve greater reliability of service, 
etc. On the Edison system most of the flashovers occur 
in the early morning hours, when the transmitted load 
is low, (as shown in Fig. 7), thus making operation at 
high loads feasible in the daytime. In regions where 
lightning is responsible for most of the flashovers and 
the plant has storage capacity, the load may be reduced 
upon the approach of a storm to minimize possibility 
of an outage. 


CONCLUSIONS 


1. There are various standards of service which may 
be considered. Perfect continuity is not economically 
feasible; the next best thing is to so reduce the effects of 
short circuits as to allow only momentary disturbances, 
thus causing but slight inconvenience to the consumer. 

2. It has been brought out that one of the main 
factors in reducing disturbance and preventing loss of 
synchronism between the generating and receiving ends 
of a transmission system is the rapidity with which 
relays and switches can be made to isolate any trouble. 
It appears very probable that by a material reduction in 
the time now taken, troubles could be successfully 
cleared when transmitting much greater amounts of 
power than at present, and this same high standard of 
service could be maintained. Looking at this from 
another viewpoint, systems that might be furnishing 
but mediocre service would have that service vastly 
improved in quality by such change in switch opera- 
tion, provided the transmitted load were not changed. 
On the other hand, unless it is possible to get extremely 
fast switch operation, less shock is produced when one 
end of a faulty section is cleared a short time after the 
other. 

8. Quick response of generator field excitation to 
regulation aids in maintaining synchronism by prevent- 
ing, so far as possible, a drop in generator field flux. 
The drop in generator terminal voltage will then be 
determined by the generator leakage reactance, being 
less with low values of reactance. Similarly, low 
transformer leakage reactance is beneficial. 

4. It also appears that a device to decrease the 
output from the Big Creek generators immediately 
upon the occurrence of a short circuit will decrease the 
tendency to get out of step by reducing the transmitted 
load. Such a device might take the form of a relay 
operating upon the waterwheel governors. ‘The greater 
part of the load so dropped would be picked up by’ 
generators at the receiving end, so that the net effect 
upon the system frequency would be inconsiderable. 

5. One of the most important points brought out by 
the tests was the relation between the severity of the 
disturbance and the amount of ground current upon 
short circuit; this demonstrates the value of adopting 
means to limit short circuit currents. The higher the 
voltage of the system, the more pronounced is this 
effect. 

6. The amount of power that can be transmitted 
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consistently over any given line depends upon several 
factors including the standard of service required, 
the exposure and susceptibility to outside disturbance, 
and the probability of these disturbances occurring at 
a time when maximum loads are being carried. This 
is well illustrated on the Southern California Edison 
Company’s system where, due to the nature of the chief 
cause of short circuits, they have occurred at off-peak 
periods, resulting in a minimum of outages. 

It may be suggested that under different conditions 
where causes of short circuits, such as lightning, might 
occur at any time, it would probably be advisable to 
take further precautions against outage unless condi- 
tions permit of a slightly lower standard of 
service. 

7. All the records showed that synchronous condens- 
ers at the receiving end stayed in step with each other 
and their bus voltage; also all Big Creek generators 
would stay in step together so long as the generating 
and receiving ends of the line stayed in step. 

8. Practically all short circuits have been single 
phase to ground and calculations for relay design and 
power limit should concentrate on this condition. 
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9. Short circuits on either 220-kv. or lower tension 


lines close to terminal substations will cause approxi- 


mately equal disturbances to the 220-kv. system. 

10. When a single-phase flashover occurs, there is 
an increase in total system load due to the power con- 
sumed in the fault. This additional load causes a 
transient redistribution of power between the dif- 
ferent synchronous machines, which is largely deter- 
mined by their kinetic energy and the electrical net- 
work, causing them to shift in phase position and thus 
set up power oscillations or surges. The magnitude of 
these surges depends upon a number of factors, such as 
the location and resistance of fault, transmitted load, 
etc. The ability of the system to absorb these oscilla- 
tions without loss of synchronism depends upon the 
electrical rigidity with which the various machines are 
tied together, permitting a sufficiently high synchroniz- 
ing power to be developed. The amplitude of these 
power surges will be reduced by anything that decreases 
the power consumed by the short circuit. Synchroniz- 
ing power will be increased by decreasing the reactance 
of generators and transformers and by reducing the 
amount of line cut out to isolate the trouble. 


Advance Planning of the Telephone Toll Plant 


BY J. N. CHAMBERLIN: 
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HE advance planning activities of a large telephone 
company is a field of endeavor that perhaps is 
not very generally understood by those not in- 

timately associated with the communication art. 
This may be due to many circumstances, the more 
probable of which is the fact that telephone service 
has grown to be one of the necessities of social and 
business life and, from casual observation, seems to 
differ but little in individual locations. In the small or 
large community, similar subscribers apparatus is in 
general use; wires and poles of like character are in 
evidence and service is apparently rendered in 
much the same manner. These observations are 
basically correct. In structural design and operating 
practises, however, widely different problems are 
encountered in the rendering of service in separate 
communities. 

Satisfactory service to the customer and economic 
operation in all locations require continuous study of 
both the present and probable future service demands, 
operating practises and characteristics of the physical 
plants design. In the small communities or exchanges, 
as they are called, problems of less complexity are 
encountered than in the metropolitan areas. The 
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solution of these, however, whether they be large or 
small, are important functions of successful operation. 
Small exchanges grow and change in character and the 
telephone company must so plan its activities as to 
meet satisfactorily the future conditions as they may 
present themselves and at the same time, provide a 
financially sound structure in the rendering of a uni- 
versal service. As a community develops and more 
service is rendered, more than proportionate amounts of 
capital and labor are required in providing the service 
for each additional customer. Interconnecting devices 
or switchboards are limited to a definite number of 
subscribers lines. When the switchboards capacity is 
reached, new offices or replacing switchboards of larger 
size are required. The number of operators employed 
is dependent upon the amount of service rendered and 
as service demands increase, more operators are em- 
ployed. Pole line, wire and cable are installed as 
needed to meet the expected future requirements of 
customers. The character and extent of this part of a 
telephone structure are governed by the size and density 
in population of the area served. 

The average individual, not fully informed in the 
complexity of telephone equipment or the details of 
operation, is very apt, in his appraisal of the business, 
to use as a unit of measure, the telephone instrument. 
He fails to realize that, in a telephone system, 
separate and complicated pieces of equipment are 
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permanently assigned on the switchboard to individual 
subscriber’s lines and that large amounts of equipment 
and apparatus are required for the establishment of an 
independent channel of communication for each pair 
of talkers. The telephone instruments, channels of 
communication and switchboards are the mediums 
through which service is rendered. Therefore, the 
three components rather than any individual one should 
be used as a unit in a general analysis. Service, on the 
other hand, is what is being offered under the various 
tariffs and it, rather than any of the physical properties, 
is a more correct measure of value. If service is 
restricted as to hours, distances and types, the cost of 
rendering it lessens; likewise its value to the user. 

The term ‘‘telephone plant’”’ very aptly describes the 
structure by which communication service is rendered. 
It is ever varying in its charactristics and must grow 
in size and nature in a manner consistent with the 
demands resulting from the population within the area 
served. When people move into or within a community 
and want telephone service, the company must be 
prepared by the extension of its lines to give the service. 
As compared with other utility fields, the telephone 
business is somewhat unique in that applicants for 
service are not the only ones interested in obtaining it. 
The value of the service to those who already have it, is 
of course increased by the number connected with the 
system. Also the service rendered must always satisfy 
two individuals rather than one and must be available 
at such time of the day or night and for such duration 
as the customers, themselves, may elect. 

During the pioneering days of the telephone business, 
little realization could be had of the development of the 
art to the state in which we find it today. To attempt, 
at the present, a detailed prediction of future attain- 
ments would result in but individual theory and is 
in no way herein attempted. Effort is to be made to 
simply set forth, in a very general manner, some of the 
fundamentals that are used today in advance planning, 
particularly as they concern long distance telephone 
service. In doing this, it will be necessary frequently to 
refer to some of the fundamentals underlying local or 
exchange plant planning, as such activities areintimately 
related to the planning of long distance service. 

While similar to other structures in many ways, a 
long distance telephone plant is quite dissimilar, 
especially in regard to the ever present indeterminate 
demand that may, without any appreciable warning, 
be placed upon it. Local disasters and climatic dis- 
turbances repeatedly give rise to heavy service demands. 
These can, in no way, be anticipated as to time or im- 
portance. Their occurrence, however, must be ex- 
pected and means provided in a general way for caring 
for these occasional surges in demands for service. 
Seasonal loads resulting from accelerated business 
activities occur at different times of the year in widely 
separated localities. The demand for service to and 
from recreation resorts during the summer months 
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presents another rather indeterminate demand for 
service. These latter loads, as they are termed, can 
be better anticipated than the former as their annual 
recurrence can be made a matter of record and their 
characteristics closely studied. 

The linking together of two separate communities of 
meager population, as was repeatedly done in the past, 
is incomparable with the demands for the network of 
circuits made upon the telephone company of today by 
the ever growing metropolitan and suburban areas. 
Closely allied to the demand resulting from increased 
population is the growing demand as a result of the 
increased use of the telephone in business and social 
activities. 

Experience has indicated that the telephone service 
grows much more rapidly than the population because 
of the necessity of meeting the service demands of not 
only the new population but also the increasing demands 
of the existing population. The term population as 
herein used denotes families, rather than a per capita 
population, it being obvious that such a unit is more 
closely related to communication service requirements 
than would be a per capita unit. 

It is, therefore, a function of good telephone manage- 
ment to estimate population increases as accurately as 
is possible in advance in order that facilities may be 
extended with confidence that the future service de- 
mands will be satisfactorily met and that they will be 
handled along basically sound lines and with maximum 
economy. This requires what are termed ‘‘commercial 
surveys” or “‘development surveys” which are detailed 
estimates of future expectancies. The compilation of 
these surveys demands a large amount of field work, 
the tabulation of existing statistics and forecasting of 
the probable changes in amounts and distribution of 
the future population. Analyses are made of the 
amount of the past growth and of the reasons for this 
growth. The factors affecting future growth are 
considered and evaluated, and estimates made of the 
most probable future population growth. 

As any estimate of future population may be in 
error, due to occurrence of some unpredictable event, 
it is highly essential that the management be ever on 
the alert to observe the first indications and the im- 
portance of changing circumstances and conditions. 
Selected and highly trained personnel, therefore, are 
continually employed in analyzing the economic and 
business conditions of the community being served and 
are closely studying the details of the probable moves of 
population within and between both urban and sub- 
urban areas. Such prophecy as an estimate of the 
probable redistribution of the population as will result 
from better roads or improved transportation facilities 
between communities is a typical example of this 
development engineering. Another example and one 
which is highly important in local or exchange line 
development survey activities, is the forecasting of the 
effect that will result from the constant change of 
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individual properties from residence to apartment house 
and business purposes. 

The estimates of future population are made of 
individual communities for a major portion of the area 
served and forecast the probable population for several 
periods into the future. These estimates picture the 
size, distribution and character of the future market for 
telephone service. Additional estimates of the service 
demands from this market must then be made so that 
the final estimates may indicate the probable number of 
telephones that will be required at different future 
periods. As both individual and party line service are 
usually offered in an exchange area and telephone plant 
investment and operating costs vary in the rendering 
of the several grades of service, it is necessary to proceed 
further with the prediction of the estimated “‘telephone 
development” by classifying it into the various types of 
service rendered. After this has been accomplished 
these data are transcribed in numerical form to large 
scale survey maps covering the area being studied. 
These maps are called ‘“‘telephone line distribution 
maps,” and serve to indicate the density and approxi- 
mate location by small areas of the total number of 
anticipated subscribers lines. 

When the features of the development survey, neces- 
sary to prepare the line distribution map have been con- 
cluded for individual communities, it is necessary to 
then make predictions as to the amount of service that 
will result from the estimated telephones. In telephone 
language this means the determination of the “‘calling 
rate” or average use of the service per customers station. 
In small communities this is not a feature of major 
concern. In the metropolitan areas, where several 
operating central offices are maintained it is a highly 
important function in developing the detail design of 
the future plant structure. 

Interrelated and associated with the study of calling 
rates in a multi-office exchange area is a further activity 
which has to do with the forecasting of the direction of 
the flow of service between the several operating areas 
within the exchange. Between adjacent central office 
districts there usually exists a different community of 
interest among the customers than between non- 
adjacent offices or between residence and business areas. 

The ratio of the present telephone development to 
the population, location, average number of daily 
calls per customers station, and the direction of flow of 
the past service is, of course, a matter of record. These 
statistics are extensively used in making predictions 
but in no way preclude the necessity for the exercise of 
sound judgment in forecasting the probable future 
trend of service demands and characteristics. Upon 
the results of these series of studies and forecasts, 
operating plans are adopted and construction details 
determined. It is therefore, apparent that this portion 
of advance planning work is a highly important part of 
telephone engineering. 

In the exchange lines or local plant planning, these 
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data are used to prepare basic plant layouts to be used 
as guides in construction and future extension work. 
These plant layouts, or “‘fundamental plans” as they are 
called, depict both present and anticipated future 
central operating centers, local service limitations, 
economic plant arrangements and such other pertinent 
data as may be reasonably forecast. Their preparation 
requires a large amount of time and study by a personnel 
that has a thorough knowledge of telephone funda- 
mentals. Detailed consideration in these studiesis given 
to the determination of the ultimate number, size and 
location of central offices. Comparisons are made of 
various types of equipment, operating methods and 
construction details. The wire mileage required in 
concentrating the subscribers lines as indicated on the 
previously mentioned line distribution map under 
different plans are determined, land values and costs of 
construction and maintenance estimated and studied 
before the selection of a plan is undertaken. In ex- 
changes requiring but one central office, these tasks are 
comparatively simple. In the multi-office exchange, 
however, and those approximating such size, many 
additional factors, such as trunk and tie lines between 
central offices, present themselves as influencing factors 
in arriving at an ultimate: decision. Many other 
features of importance are concerned in these funda- 
mental plan studies but cannot be dealt with here in 
the time allowed for the subject in hand. 

In long distance or toll line advance planning, these 
same data are used in the formulation of a long range 
basic toll line plant layout or toll fundamental plan. 
In these latter studies, however, it is necessary to 
analyze, among other things, the flow of calls between, 
rather than within, individual communities. How 
service between separate and distant areas is to be 
handled, where interconnection between circuits and 
recording is to be done, and how many circuits will be 
required to satisfactorily serve the long distance service 
demand over future periods of years, are the desired 
conclusions to be obtained from these studies. 

The item of cost in relation to service finds its fullest 
application in these fundamental plan activities. Ad- 
vancement in the art is to be anticipated and the cost of 
all progress must be judicially interpreted and forecast. 
Technical development is of necessity an all important 
factor in the giving and extension of communication 
service. Its mastery, however, in no way excludes the 
study of economies; on the contrary, it creates economic 
problems that require extensive study and ultimate 
solution before general application can be made of any 
individual improvement. 

Many different general plans of varying details 
present themselves for solution during the activities 
concerned in these studies. These must be indepen- 
dently worked out and comparisons made, both from 
the service and cost viewpoint, before conclusions are 
formed. This is done through the medium of engineer- 
ing cost comparison studies which usually express in 
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terms of equivalent present worths the total costs of 
the different plans over an extended cycle of years. 
Special problems concerned with detailed features of 
individual additions to the plant structure, quite 
naturally cannot be intimately dealt with and fully set 
forth in a general study of basic fundamentals. These 
must be studied as they arise during current activities 
dealing with changes and additions to the plant and 
their solutions obtained through individual study. 

The engineering cost comparison study, in which the 
initial investment, deferred investments, annual charges 
and credits for future salvage returns of different plans 
of comparable design are analyzed, is a most important 
element in future planning. The initial and deferred 
costs of the different plans are usually very readily 
obtained. The annual costs and salvage credits to be 
anticipated at the termination of the service life of the 
plant structure are more difficult of correct interpreta- 
tion. They are, nevertheless, of equalimportance in the 
solution. Similar to all analyses of future cost factors, 
these engineering cost comparison studies involve the 
making of definite assumptions of future anticipation. 
Due to the climatic and human elements, that con- 
tinually affect the service life and maintenance expense 
of a large part of a telephone company’s investment, 
it is highly essential that the assumptions in these 
studies be based upon an intimate knowledge of present 
and anticipated factors, and that proper decisions be 
made in appraising the results that are indicated at the 
conclusion of the studies. 

It is very necessary in their interpretation, therefore, 
to give thorough consideration to many intangible 
elements. <A few of these may be cited as follows: 

1. The practicability of the several plans under 
possible future changing conditions. 

2. The adaptability of the separate plans to existing 
plant units and to future technical advancement. 

3. The new money required to put the individual 
plans into effect. 

4. The weighing of assured immediate economies 
of one plan with the estimated future economies of 
other plans. 

There is no simple method for determining exactly 
how many toll calls will flow to or from individual 
communities. The experience of competent engineers 
and a thorough study of past and present statistics and 
related forecasts is the best available guide in planning 
for the expansion of the service. Extensive records are 
kept of the average number of long distance calls 
placed per customer’s station; of how the originating 
traffic of individual communities is distributed over 
existing circuits; of the time consumed in making the 
desired connection or interconnection, and the average 
time the circuit is held for conversation. 

For the purpose of planning, schedules of the call 
carrying capacity of the circuits under different operat- 
ing methods and under different conditions as regards 
service delays have been formulated. Their applica- 
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tion varies with the length of the circuit, number of 
circuits in a group, and the ratio of direct calls-to-calls 
requiring built up connections. In planning for the 
future, these theoretical circuit capacity schedules are 
set up on a premise of a different degree of freedom from 
service delays, on account of no circuit conditions, 
occurring on a given number of calls. By a no circuit 
condition is meant that all circuits in a particular 
circuit group are in use at the time a connection is 
desired. 

The determination of future circuit requirements 
over long term periods is carried on by the use of these 
schedules and the estimates of future traffic. In 
predicting the immediate necessity for circuit re- 
arrangements and additions they are, however, modified 
to meet the circumstances under individual review. 
As operating conditions and local service demands 
result, a considerable varying of speed of service and 
circuit capacity between individual communities, it is 
necessary that intensive study be given to individual 
groups. Such matters as the size of the circuit group, 
the type of service to be rendered, the average length of 
conversation, and the distribution of the traffic through 
the hours of the day, must receive careful consideration. 

A record is usually taken over a period of 20 business 
days during the month, in which the distribution of the 
traffic is representative of the conditions for which the 
plant is to be engineered. When encountering con- 
ditions that are not similar throughout the territory, 
this record is adjusted for the different seasonal con- 
ditions. As circuit groups do not experience their 
ereatest traffic in the same month or maintain the same 
trend throughout the year, supplemental checks of the 
trafic volumes are made. Ordinarily additional cir- 
cuits are provided less liberally for groups showing a 
traffic peak of relatively short duration than for groups 
carrying heavy traffic over periods of two or three 
months. These checks are also studied for the purpose 
of determining the possibility of overflowing traffic 
to groups having margins and of rearranging the circuit 
layout either temporarily or permanently to meet 
fluctuations. 

These detailed studies of circuits and load character- 
istics have been used extensively in the past in determin- 
ing the immediate and early necessity for circuit re- 
arrangements and additions to individual groups. 
Today it is necessary to use them as a guide in the pro- 
jection of future requirements over long periods of 
years. This is due to the changing design of long dis- 
tance telephone plant and is made necessary by the 
installation of a large portion of the circuit facilities on 
a somewhat different basis than in former years. 

Until a comparatively few years ago, practically all 
long toll circuits were of open wire construction; that is, 
individual wires separately attached to crossarms on the 
poles. These have been installed as required and were a 
natural development due to the small number of 
circuits required to handle early day long distance 
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demands. The wires have very generally comprised 
two sizes, namely, No. 8 Birmingham wire gage, 
(165 mil.), weighing 435 lb. per mi., and No. 12 New 
British standard gage, (104 mil.), weighing 173 lb. 
per mi. These two types of uninsulated wire have 
admirably lent themselves to the many changes and 
improvements in the communication art. For many 
years the limits for the highest grade service with these 
conductors were approximately 400 and 200 mi., re- 
spectively. The development of associated equipment, 
however, has so increased the distance over which service 
may be rendered with these sizes of wire, that today 
finds them in general use over distances of thousands of 
miles. 

The introduction of the inductance or loading coil on 
open wire circuits, many years ago, so reduced the 
attenuation loss of open wire circuits that satisfactory 
voice communication was greatly extended in range. 
Distance of transmission on open wire circuits was 
later further increased by the installation of the 
mechanical repeater into the circuit to be used in con- 
junction with the loading coil. Experience, however, 
soon indicated that improvement must be made in the 
uniformity of the amplification given by the repeaters 
in order to raise the intelligibility of the voice trans- 
mission to a higher standard. This led to the use of 
the vacuum tube repeater which economically and 
satisfactorily eliminated the limitations of the mechani- 
cal type repeater. As a result, the vacuum tube 
repeater soon replaced the mechanical type and is today 
exclusively used in voice amplification. 

Improvements and modifications in the design of the 
repeater and reduction in its cost of manufacture have 
made it desirable and economical to use it more fre- 
quently on long-distance lines in lieu of the loading coil. 
At present, therefore, we find the use of the loading coil 
on open wire lines very generally restricted. In its 
place is found the vacuum tube repeater, with service 
range increased and quality of transmission improved. 

The non-loaded No. 165 and 104-mil open wire circuit 
have also permitted the development and use of the 
higher frequency ranges in voice communication. 
Without distortion or sacrifice to the quality of the 
service, frequencies ranging up to 30,000 can be used on 
non-loaded repeatered open wire lines. The applica- 
tion of these higher frequency ranges to what are termed 
“carrier current systems,’’ in voice communication, 
has extended the field of use of the open wire circuit 
many fold. In brief explanation of this statement, a 
typical open wire line, carrying four fully equipped ten 
pin crossarms, is capable of providing the following 
voice channels. Four crossarms supporting 40 wires 
of the standard configuration of 12-in. horizontal and 
24-in. vertical separation, when properly transposed, 
produce 20 physical and 10 phantom circuits or a total 
of 30 voice-frequency talking circuits. By the proper 
coordinating or additional transposing of 8 of the wires 
on the top crossarm four carrier current systems can 
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be superposed on the 8 wires. As each system is 
capable of producing 3 speech channels a total of 12 
additional circuits is thus provided. Without any 
loss in the number of voice frequency circuits on the 
lead four similar carrier systems with like circuit possi- 
bilities can be superposed on eight wires of the third 
crossarm. This complete arrangement therefore in- 
creases the speech channels on a 40-wire line from 30 to 
54 circuits or nearly one hundred per cent. 

Carrier current telegraph systems of ten channels 
each can also be similarly superposed on the open wire 
circuits, thus in another manner, greatly extending the 
use of open wire for communication service. At the 
present time it does not appear economical, due to the 
excessive expense of balancing the open wire for purpose 
of eliminating interference or ‘‘cross-talk’”’ to superpose 
telephone carrier current systems of the three channel 
type on adjacent crossarms. 

These three-channel carrier systems require highly 
expensive terminal equipment and well insulated and 
evenly balanced open wire lines. The economy of their 
installation generally speaking is confined to lines of 
150 mi. and over in length. Often times, however, 
major reconstruction work on a pole line that would be 
required by additional open wire placements can be 
advantageously deferred by the judicious use of the 
carrier systems. Recent developments in_high-fre- 
quency systems have resulted in a new system of one 
channel. This type is proving economical for super- 
posing on open wire lines of approximately 50 mi. in 
length. 

The rapidly increasing demands for toll service several 
years ago indicated many difficulties in providing for 
future long distance communication service on a wholly 
open wire basis. The number of open wires that can be 
placed upon a pole line is limited. The number of 
pole lines that can be constructed along highway 
routes is restricted and the costs of purchasing private 
rights-of-way for open wire lines is becoming excessive. 
These conditions prompted the development of some 
other practicable method of providing for the increasing 
number of toll circuits. 

To meet this situation, effort was made to provide 
means which would permit of satisfactory conversation 
over long lengths of cable. In other words it appeared 
desirable to provide along one path a greater number of 
circuits of a type that require less space and structural 
support. In this endeavor highly successful results 
have been attained. Satisfactory conversation can 
now be given over an extended network of cable plant. 
Repeater operation appears to have solved the problem 
of distance and in so doing has made possible reductions 
in the use of copper to approximately 10 per cent of the 
amount used in open wire circuits of equal length. 
For example instead of the No. 8-gage open wire weigh- 
ing 870 lb. per circuit mi. and the No. 12-gage weigh- 
ing 344 lb. per circuit mi., the conductors, which are 
extensively used today in cable design weigh but 80 
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and 40 lb. per circuit mi. In the cable type of con- 
struction from 100 to 300 voice frequency circuits are 
provided in a cross sectional area of less than 6 sq. in. 
To accomplish this, relatively small gage wire must be 
used and some dielectric other than air must be provided 
for maintaining separation of the wires. 

Two types of cable conductors present an economic 
balance at this time for general use. These comprise 16- 
gage wire, weighing about 40 lb. per mi. and 19- 
gage wire, weighing about 20 lb. per mi. These 
wires are each individually insulated by means of a 
spiral wrapping of paper ribbon of approximately 0.004 
in. thickness and 0.625 in. in width. The wires are 
twisted into pairs, the pairs laid up into groups of 4 
wires, termed “‘quads” and the ‘‘quads’”’ stranded to- 
gether and enclosed in a lead-antimony sheath of 
approximately ¥ in. in thickness. In a large portion 
of toll cable installations it is found economical to 
provide a complement of both sizes of conductors in an 
individual cable sheath. This feature can be deter- 
mined only after an extensive and detailed study of the 
use to which the individual circuits are to be placed. 
In a majority of instances comparisons must be made 
as to the economies of a larger gage with those of a 
smaller gage provided with a greater number of tele- 
phone repeaters, it being possible to obtain the same 
grade of circuits having given characteristics, by either 
size of conductor equipped with a different number of 
repeaters. 

It is conceivable, although obviously impracticable, 
to design all circuit groups on a toll lead as individual 
units. Practical operation requires the centralizing 
of loading coils and repeaters at a minimum of locations. 
In the average cable installation loading coils are placed 
at regular intervals of approximately 6000 ft. and re- 
peaters at approximately 50 mi. intervals. In locating 
these latter, consideration must be given to housing 
facilities as from one hundred to several hundred 
repeaters are usually installed at a given location. 
They must also be located in close proximity to the 
location dictated by electrical requirements. 

Toll cable construction presents many advantages 
over open wire plant. It provides at one time an 
equivalent number of circuits that are offered by seven 
or eight open wire lines. The ever annoying foliage 
interference occasioned on open wire circuits passing 
through wooded sections is largely eliminated by cable 
construction. Of major importance also is the relief 
afforded from service interruption occasioned by sleet 
and wind storms and the resultant costs of the restora- 
tion of service. 

Thorough studies of the economic design of toll cables 
are important before proceeding with an installation. 
Due to the many circuits provided at one time and the 
relative high cost of cable construction“%t is necessary 
in economic planning to design a cable to serve for an 
extended period of years into the future. This requires 
not only an intimate knowledge of the present use to 
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which an individual cable is to be placed but also a well 
coordinated plan of its fitness to form an important unit 
in an ultimate cable network. 

In long-distance wire communication, therefore, 
consideration is given in advance planning to the pro- 
vision of three types of service facilities. Between the 
scattered and sparsely settled areas, the open wire 
circuit is at first provided. As demands for more service 
are encountered additional facilities are provided by 
means of more open wire or the superposing on existing 
wire of carrier current systems. Between the well 
developed and fast growing areas, however, where an 
extensive network of circuits is already in service the 
matter of planning for future additions is a decidedly 
different problem. Here is encountered the solving 
of many problems relative to the continuance of open 
wire construction versus toll cable installation. 

Questions of route, both as to desirability and 
permanency of location are of major importance in 
designing additions and changes in the character of 
construction. In the early days of the telephone 
business this was not a matter of great concern. With 
electrical development in the power and communication 
fields and the gradual extension of both services, the 
problem of the coordination of the network of wires 
makes necessary an intimate study of the induced 
disturbances that may result when wires of either service 
are located in close proximity to wires rendering another 
type of service. 

Many fundamental differences exist between power 
and telephone transmission systems. The former 
transmits large amounts of power usually at relatively 
low frequencies while the latter transmits speech waves 
through the use of a very small amount of electrical 
energy at a comparatively high frequency. Even with 
the use of relatively small amounts of electrical energy 
in wire communication, the economy of placing circuits 
close together and of superposing several channels of 
communication on each pair of wires, justifies and re- 
quires an elaborate scheme of coordination between 
the telephone wires themselves to eliminate mutual 
interference between channels. These requirements 
are closely related to those for prevention of interference 
from external sources. Induced disturbances from 
electrical circuits rendering other services, when in 
close proximity to communication channels, may 
seriously interfere with satisfactory voice transmission 
and cause interruptions to service, damage to plant and 
hazard to personnel. 

This subject of interference from other sources has 
been extensively discussed on previous occasions. 
Reference is made to it in passing for the purpose of 
indicating the continued importance of coordination 
work by those concerned in the advance planning of 
telephone and power long distance service. If the 
more general use of toll cable construction should elim- 
inate the inductive coordination problem of today it 
would indeed be fortunate. Such attainment however, 


1000 


cannot be anticipated. Freedom through separation 
from other electrical circuits and the cooperation in 
the application of remedial measures by all wire using 
companies must continue to be effected in the planning, 
maintenance and operating practises of the different 
electrical systems. In the advancement of such co- 
operative effort notable contributions have been made 
by the inter utility joint committees, such as the General 
Joint Committee of the National Electric Light Asso- 
ciation and the Bell Telephone System. 

Other problems, not of an electrical nature, are con- 
cerned with the construction details of both open wire 
and toll cable installations. Pole structures must be 
designed to withstand not only the dead weight of the 
anticipated attachments but the storm stresses that 
may occasionally be experienced. These of course 
vary in different locations and are an individual field 
of study and research. Studies of this nature are not 
confined in particular to the telephone business but 
they are an important element in the work of rendering 
proper service. Sub-surface structures, such as con- 
duits and splicing vaults form a large item of investment 
in all telephone companies plant. This type of con- 
struction is rapidly being extended, particularly in 
connection with extensive toll cable conditions. Under- 
ground conduits, into which cables may be drawn, 
offer reasonable permanency of location, freedom from 
fire destruction and the devastating effects of climatic 
disturbances. In order to obtain economies in under- 
ground construction however, it is necessary to provide 
for many years into the future, therefore well established 
fundamentals must underlie any major conduit in- 
stallation. In this connection it differs from the other 
branches of advance planning work only in that it 
usually concerns the provision of a type of plant for 
greater periods into the future. 

The results obtained by making the studies which 
have been very briefly discussed indicate the anticipated 
relative economies of the future plant structure under 
assumed conditions. It is necessary however, before 
undertaking any major plant work, particularly if large 
expenditures are involved, to formulate a well balanced 
and orderly construction program. This is a very 
essential part of advance planning. Materials and 
labor must be available at widely separate locations 
and at prearranged periods and all unfavorable reactions 
to the service while carrying on the construction pro- 
gram must be avoided. For purpose of indicating the 
scope of these planning activities and their results the 
following brief review is given of a portion of the Pacific 
Telephone and Telegraph Company’s present toll plant 
structure and current extension program. 

In the Northern California area of the Pacific Com- 
pany’s territory, comprising a majority of the communi- 
ties in the State of California situated north of the 
Tehachapi Mountains, there are some 880 separate 
company operated exchanges. These vary in size from 
the small hamlet of a few inhabitants to the large cities 
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of several hundred thousand population. Intercon- 
necting and serving these localities with long distance 
telephone service are 178 main or toll center groups of 
circuits and 424 so called tributary circuit groups. 
At the present time most of these are in open wire 
construction. In planning for the future, quite nat- 
urally the major problems center around the larger 
and more rapidly growing groups. Correct solution of 
the future service on these groups however, cannot be 
obtained without thorough consideration being given 
to the tributary groups. This is being carried on by 
members of the Pacific Company’s staff. Many 
circuit miles of open wire construction is included in 
the future program. Extensive carrier current systems 
are contemplated and approximately 1000 mi. of toll 
cable installation is being designed for the provision of 
service over the next 10 year period. 

Within the past 12 months a 90-mi. section of this 
cable network has been completed between the San 
Francisco Bay area and Sacramento, California. The 
cable was designed to provide 295 voice communication 
channels for rendering service to Sacramento and points 
north and east. Liberal provision was also made for 
service to intermediate points. The cable is of 19 and 
16 gage design, is equipped with loading coils at 
intervals of 6000 ft. and is provided with repeater service 
at the town of Crockett, located 30 mi. northeast of 
San Francisco. The repeater station is equipped at 
the present time with 100 repeaters and is designed to 
house approximately 200 additional repeaters over the 
next few years. This toll cable has been designed for 
extension northward and eastward at a future date, 
at which time it. will form an intimate unit of a cable 
network extending very generally throughout the State 
of California. 

In the 1000 mi. of toll cable network included in the 
present program, studies indicate the desirability of 
proceeding with the installation of approximately 
100-mi. of cable per annum. A large part of this will 
be along existing open wire routes, although con- 
siderable relocating will be required and many under- 
ground sections will be constructed. 

In the San Francisco Bay area there exists today an 
extensive toll cable network. This provides cable 
circuits to and between surrounding communities and 
toll entering facilities for the long distance open wire 
circuits radiating from the San Francisco Exchange. 
The continued maintenance and future planning of a 
large portion of this network presents an additional 
and independent problem, not previously referred to 
and not very extensively encountered in other localities. 
This has to do with the planning of a large amount of 
submarine cable plant. 

San Francisco Bay is an extensive body of water, both 
in area and depth. To cross it at strategic points with 
communication service and place the necessary plant 
structures in reasonable permanent locations, requires 
the use of submarine cables of closed sheath lengths of 
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from 10,000 to 18,000 ft. These cables must be main- 
tained at depths ranging to 200 ft. In the crossing of 
the Bay from San Francisco to the East Bay communi- 
ties, a water distance of approximately 4 mi., two 10,000 
ft. sections are required to form an individual cable. 
The presence of Yerba Buena Island about mid-distant 
makes it possible to so sectionalize the cables into 
two units. This is a fortunate circumstance as ad- 
vantage can be taken at the shore of the island to install 
cable loading coils. 


In the short haul circuit groups rendering transbay 
service between the Bay area communities‘there is in 
use at the present time approximately 1400 circuits. 
Some conception of the magnitude of this number of 
voice frequency circuits may be obtained by realizing 
their equivalent number expressed in open wire. Were 
it possible to render this transbay service with standard 
open wire construction there would be required 24 
individual pole lines each supporting 8 crossarms of 
10 wires each. 


Until a comparatively short time ago all circuits en- 
tering and leaving San Francisco, with the exception of 
one very short circuit required in their path the use of 
submarine cable. This was a very undesirable situa- 
tion due to the ever present hazards to that type of 
plant and the serious service interruptions that usually 
accompany a submarine cable failure. Recent local 
developments and major toll underground cable exten- 
sions, have made possible a partial change in this 
regard, although it will continue to be necessary 
in providing future additional service to install and 
maintain a large amount of submarine plant and 
equipment. 

In the advance planning of these submarine facilities 
attention is given to the judicious safeguarding of the 
plant and to the adoption of such operating methods 
and arrangement of circuits that will require a minimum 
number of submarine cables. As the volume of service 
over individual circuit groups and plant conditions 
permit, circuits previously interconnected at or switched 
through San Francisco, are otherwise routed. While 
the development of economies that may be antici- 
pated from a change in circuit routings is an important 
part in the advance planning of other parts of a 
telephone plant as previously referred to in the 


fundamental plan activities it is of major importance — 


in the planning of toll circuits across San Francisco 
Bay. 

Many other and equally important features of 
telephone long distance advance planning could be set 
forth in this discussion. Those of an electrical and 
mechanical character have been often presented in 
various forms and therefore have been omitted. This has 
been donewith no intent to stress the importance of any 
part of theactivities concerned with the advance planning 
of long distance service but morein an endeavor to briefly 
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set forth certain fundamentals of the work that are 
not generally realized by those not connected with 
telephone work. While classed a branch of the electri- 
cal profession, telephone planning and operation com- 
prehends important elements not at all electrical in their 
character. Electrical phenomena and their adaptation 
to the art of communication are essential features, but 
of equal importance is the solution of problems unre- 
lated to the electrical science. Successful management 
of a telephone company as a result of these circum- 
stances, depends in part upon the study and appli- 
cation of electrical accomplishment, in part upon 
the analysis and forecast of economic conditions 
prevailing and anticipated in the area _ being 
served with communication service and in _ part 
upon the solution of mechanical problems relating 
to the construction and maintenance of a _ plant 
structure, the whole combined to render an economic 
service and produce a fair return on the _ invest- 
ment. 


ELECTRIC HEATING FOR AVIATORS 


Mountain climbers who attain freezing heights suffer 
from cold in spite of their physical exertions but 
aviators who soar to even bitterer temperatures can 
keep warm in spite of the fact that they must sit motion- 
less as their planes climb to ‘‘the roof of the sky.’” 
They keep warm electrically. The latest development 
in flying equipment is a set of clothing warmed by wire, 
even to the glass of a flier’s goggles. 

Projecting from the bottom of the fuselage of the 
airplane is a tiny, cigar-shaped instrument carrying a 
propellor at its front end. The wind current created 
by the motion of the ’plane drives this midget pro- 
peller. It turns a small electric generator manufac- 
turing current for use on board. A wire from this 
generator, running through a control switch, con- 
nects with the clothing the aviator in the cockpit wears. 
His inner jacket is heated on exactly the same 
principle as the electric hot pad familiar in most homes. 
A cord runs down each sleeve to warm the backs- 
of the flier’s gloves and cords running through 
each trouser leg carry electric heat to the soles of 
inner shoes. 

Since the aviator who climbs to great heights must 
wear heavy furs and breathing apparatus, thus closing 
off his face from contact with the air, his goggles would, 
of course, frost over and become opaque were it not for 
a system of hair-like wires threading back and forth 
between layers of glass in the lenses. These heat the 
glass sufficiently to keep the lenses clear. Thus elec- 
tricity serves the aviator in many ways other than to 
spark his engine, to furnish light on the instrument 
board, to operate his radio equipment and to perform 
the other routine functions aboard ship. 
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Electric Strength of Solid and Liquid Dielectrics’ 
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Synopsis.—This paper was prepared by a subcommittee of the 
Committee on Electrical Insulation of the Division of Engineering 
and Industrial Research of the National Research Council. The 
general purpose of the committee is to foster research on dielectrics 
and its initial activities have been confined to the preparation of a 
series of summaries of the published literature on this subject. 

The subcommittee which presents this paper is the second one to 
report, it having been preceded by a paper on dielectric absorption and 
theories of dielectric behavior, by Chairman J. B. Whitehead, which 
was published by the A. I. E. FE. in 1926. ' 

The second paper under the auspices of the committee was inspired 
by the first one, and was an original exposition of Clerk Maxwell’s 
theory of the double layer dielectric, by Professor Murnaghan, 
published by the A. I. EH. BE. in 1927. 

The present paper, like the first, is a summary of existing literature 
which, it is hoped, will afford a starting point for original research 
in many directions. It is hoped that the discussion by the Institute 


W. F. DAVIDSON? 


Fellow, A. I. E. E. 


and 


R. H. MARVINS 


Associate, A. I. E. E. 


will bring out obscure phenomena and new interpretations of the 
data reviewed. The report starts with a consideration of the general 
subject of instability in electrical circuits, and an explanation of 
instability in the case of dielectrics, in terms of a stress and strain 
characteristic. This is followed by a discussion of distribution of 
stress and strain in non-uniform fields, and their relation to break- 
down. The reversible and non-reversible phenomena of dielectric 
failure are considered, the former in relation to the electron theory 
and the latter in relation to the pyroelectric theory, and the bearing of 
both upon the time—voltage relation is indicated. 

The latter part of the full report is devoted to the relation of break- 
down voltage to various factors, such as insulation thickness, insu- 
lation area, the electrode form, heterogeneity, temperature, rate of 
voltage, variation, pressure, etc. Final conclusions are given in the 
full report which summarize in a few words the present state of the 
art, as it may be judged from published data. 
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INSTABILITY 


LC’ is helpful to consider dielectric failure as the phe- 
nomenon of instability which exists when the voltage 

across the dielectric has been increased to a certain 
critical value beyond which the current increases more 
or less in unpredictable ways while the voltage tends to 
fall. Perhaps the first clear statement connecting the 
failure of dielectrics with the general phenomenon of 
instability is that of Steinmetz! in 1923 when he said 
that “the view is gaining ground that the mechanism of 
dielectric failure is a phenomenon of the instability of 
the so called constants of the material.”’ 


STRESS-STRAIN CHARACTERISTICS 


It was, however, a research by K. W. Wagner’, 
initiated in 1914, which gave the first quantitative data 
on which to base a satisfactory theory. This physicist 
was the first to ascertain the volt—ampere characteristic 
of a solid dielectric, and he showed that the characteris- 
tic curve consists of a straight line corresponding to 
Ohm’s Law, a curve which becomes vertical, 7. e., 
parallel to the current axis, and finally slopes backward, 
corresponding to a rising current with falling voltage, 
as shown in Fig. 1. 

It is not difficult to obtain the first two parts experi- 
mentally, but the third part corresponds with a con- 
dition of unstable equilibrium and is normally passed 
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at such an immense speed that it cannot be observed 
unless special precautions are taken. 

Wagner succeeded in plotting the entire curve by 
using an electrode of such high resistance that the cir- 
cuit, as a whole, had stable characteristics, 7. e., current 
rising with voltage, and thus stabilized the dielectric — 
in the same way that a ballast resistance is used to 
stabilize an arc. Current and voltage readings were 
first taken with the electrodes in contact with one 
another, and then with the dielectric between. The 
difference in voltage for the same current, in the two 
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cases, was the voltage across the dielectric corresponding 
to this current. The general form of these characteris- 
tics has been verified by others**® who used hot 
cathode rectifiers in series with the dielectric, to 
restrain the current. 

In all these tests, direct current was used. Corre- 
sponding data for alternating current have not yet been 
obtained, indicating a fruitful field for research. 

No work appears to have been done on liquids in an 
effort to determine the volt—ampere characteristic 
although Gunther-Schulze® made determinations of 
dielectric conductivity over a considerable range of 
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stresses and found a tendency for the current to de- 
crease with increase of voltage. This may be explained 
by consideration of the fact that the voltage was grad- 
ually increased and this gave additional time for im- 
purities, which apparently constitute a considerable 
number of carriers, to be swept out of the field. 

The shape of the curve for solids has been explained 
by Wagner on the basis of the negative temperature 
coefficient of resistivity characteristic of all dielectrics 
and by Peaslee’ as due to ionic migration. 


DIELECTRIC OVERSTRESSED WITHOUT INJURY 
0c a ‘ch dl 
That part of the dielectric which has dE negative 


is overstressed; that is, it would fail but for the stabiliz- 
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ing action of the remainder of the insulation, which acts 
as a ballast resistor. 

Wagner, working simultaneously along similar lines, 
described an experiment on a dielectric which had been 
unequally stressed for a short time so that one part was 


dI 


stressed above the point where [[ = 


dE o, and he 


showed that this over-stressed part, when subsequently 
tested alone, had lost none of its dielectric strength. 


STRESSES IN A DIELECTRIC WITH NON-UNIFORM FIELD 

The next step toward putting the behavior of dielec- 
trics upon a quantitative basis was taken by P. L. 
Hoover? who showed that the characteristic curve 
could be expressed in terms of potential gradient and 
current density and that therefore if the current density 
be plotted for the various parts of an unequally stressed 
dielectric, the corresponding potential gradients and 


dl 
values of GE oan be plotted from the characteristic 


curve and the behavior of the dielectric deduced there- 
from. In other words, if the current densities at vari- 
ous points be computed from the resistivity and geo- 
metrical configuration, the corresponding stresses may 
be derived from the characteristic curve. 

Thus, in a dielectric between co-axial cylinders, 7. @., 
a single-conductor cable, if the same current be assumed 
to flow in al! parts of the circuit, the current density 
must decrease radially, and may therefore be repre- 
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sented by an hyperbola, such as A in Fig. 2. Referring 
now to the volt—ampere characteristic, Fig. 1, as each 
value of current density corresponds with a definite 
potential gradient, a curve representing the potential 
gradient at all radii may be plotted, as shown by the 
curve B in Fig. 2 

If the current density is increased, the maximum of 
curve B moves outward. In doing so, the area to the 
left of the maximum increases, while that to the right 
decreases. The curve is not symmetrical; hence there 
is a certain current at which the area enclosed by the 
curve isa maximum. But this area is the total voltage 
between cylinders. Hence there is a value of the total 


dl 
voltage EF such that —~+ = o._ This will be the 


dE 
breakdown voltage. 

Hendricks” mentions the results of tests on trans- 
former oil using concentric cylindrical electrodes of 
different sizes, and finds that the breakdown strength 
as calculated by the ordinary logarithmic formula for 
the maximum stress is not constant. On the other hand, 
Peek"*, as a result of similar tests, comes to the con- 
clusion that there is a definite maximum stress, (36 kv. 
per em.), which is the value at which an increase in 
conductivity results from ionization by collision. 

Another factor which may be of considerable impor- 
tance in some cases and which seems to have been 
generally overlooked in the computation of stresses 
although it is made the basis for many explanations of 
the phenomenon of absorption, is the combined in- 
fluence of resistivity and specific inductive capacity 
on distribution of stress. 


Breakdown Voltage 


Time 
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IRREVERSIBLE DETERIORATION 


Thus far we have dealt exclusively with so called 
momentary stresses, 7. e., those which are not main- 
tained sufficiently long to produce chemical deteriora- 
tion of the insulation. 

All solid dielectrics on which published data are 
available show some kind of permanent deterioration 
when exposed to stresses over a certain critical value. 
Thus it was found by F. M. Clark*! in 1925 that pro- 
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longed stresses permanently injure oil-impregnated 
paper insulation and that the injury is cumulative, even 
if the stresses be applied intermittently. Other ex- 
perimenters have verified this conclusion and extended 
the rule to a wide range of materials. Clark also 
verified Wagner’s observation that momentary over- 
stressing produces no appreciable permanent injury. 

The nature of the injury depends upon the material, 
and may be any of the following: 

A. Direct effect of stresses, 

a. Polymerization and condensation, 

b. Redistribution of component materials ac- 
cording to specific capacity, 

c. Change in surface tensions between com- 
ponent parts, 

B. Indirect effect of stresses, 

a. Thermal effects such as carbonization, 
b. Chemical combinations such as oxidation, 
ce. Electrolytic effects. 

An example of polymerization is the formation of the 
solid material provisionally known as ‘‘X,”’ in mineral 
oils. 

Change in surface tensions is one of the important 
factors in the failure of oil impregnated cables. In 
such composite insulations composed partly of solid and 
partly of liquid materials, an air or vacuous pocket 
may serve as a center of disturbance, and the liquid 
material will be driven away from the pocket, thereby 
enlarging the latter. Such oil free spots would 
ultimately link together, and ionization would be 
established, leading to charring in dendritic or tree- 
like patterns®. The projection of oil from places of 
high stress to those of low stress, in this case, is ap- 
parently due to an increase of surface tension between 
air and oil as compared to that between paper and oil. 

Little is known about electrolytic effects but they are 
under investigation in the case of glass. 


The redistribution of moisture by endosmose may bea 
factor of some importance, as indicated by the work of 
S. Evershed* in 1914. Endosmose is a motion of films 
of water along the walls of an insulator, due to the water 
being electropositive to practically all solid insulating 
materials, and being, therefore, drawn through the 
pores of the solid toward their electronegative ends. 
The alinement of threads of moisture has the effect of 
partially short-circuiting the dielectric. 


TIME—-VOLTAGE RELATION 


The relation between the breakdown voltage of a 
dielectric and the time of application of the voltage is 
of the character shown in Fig. 3, 7. e., the breakdown 
voltage for short periods is high and falls off rapidly with 
increasing time, whereas that for long periods is com- 
paratively low and changes little with the time. 

The general form of the curve suggests two influences 
at work, one corresponding to an action which is re- 
versible up to the point of breakdown and the other, toa 
cumulative and irreversible action. Both of these 
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actions have been observed and explained. It is there- 
fore clear that for any finite period of application of 
voltage, these cumulative effects will cause progressive 
deterioration until the bulk of the dielectric has become 
worthless as a ballast resistor, and the remainder of the 
insulation is carrying such a current that the critical 


point, where —~ = o, is reached therein, and failure 


dE 
occurs practically instantaneously. Thus each point 
on the time—-voltage curve represents two actions 
varying in degree with the time. This conclusion is 
verified by the work of Miindel as analyzed by Bush 
and Moon.7? 

True liquids do not seem to be influenced by the time 
of application of the voltage although there is a time-lag 
for rapidly applied voltages and Peek?! has found this 
lag to obey almost the same laws as he established for 
gases. Dieterle”, in a series of tests with semi-fluid 
materials intended to determine the relations between 
the magnitude of continuously applied stress and the 
time to produce failure, obtained results similar to those 
already noted for solids although they are too few to 
permit establishing a mathematical expression. 


PYROELECTRIC THEORY 


Miles Walker”, in 1912, was probably the first to call 
serious attention to the dielectric loss—temperature 
relation as a factor in dielectric failure. He was 
followed in 1917 by A. F. Bangs and H. C. Louis, and 
W.S. Clark and G. B. Shanklin™ and in 1922 by D. W. 
Roper”, all of whom dealt with average losses in re- 
lation to mass heating of cable dielectrics. At about 
this time C. P. Steinmetz and J. R. Hayden contributed 
ideas as to the general application of this theory and 
coined the name “‘pyroelectric theory.” 

K. W. Wagner? in 1922 went a step farther by taking 
into account the well-known unevenness of dielectrics 
and considering the effects of a filament of higher 
dielectric loss, or, as he expressed it, lower resistivity 
than the surrounding mass. He laid particular stress 
on the well-known fact that dielectrics, unlike metallic 
conductors, possess a negative temperature coefficient 
of resistivity; 7. e., their resistivity decreases with rising 
temperature. Hence, if a spot or filament of com- 
paratively low resistivity exists in a dielectric, the extra 
I? R loss which occurs in it will tend to raise its tem- 
perature, which in turn by decreasing the resistivity will 
increase the current and temperature, and so on ac- 
cumulatively until failure occurs due to burning. 


This theory was ingeniously developed by Wagner 
as a general theory of dielectric failure by assigning an 
empirical equation to the temperature—resistivity rela- 
tion, and assuming arbitrarily a certain diameter for 
the hot filament. The quantitative results obtained 
were later found to depend very largely upon the value 
assumed for this diameter. Moreover, work by L. 
Dreyfus”, H. Rochow?’, W. Rogowski?s, Von Karman”, 
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H. Gabler®, and others, has shown that the theory, 
as developed by Wagner, is untenable, both from a 
theoretical standpoint and because it yields numerical 
data which are widely at variance with facts. 


The failure of Wagner’s theory in a quantitative sense 
should not be interpreted as discrediting the general 
pyroelectric theory, as cumulative heating is un- 
doubtedly a factor in many cases of dielectric failure. 
It is not that the theory must be discarded but that it 
must be amplified and made part of a more general and 
complete theory. 


There seems to have been no attempt to apply the 
pyroelectric theory to liquids and indeed it is hard to 
see how this could be done since the existence of con- 
vection currents would tend to mask any of the detail 
phenomena assumed for solids. 


ELECTRON THEORY 


Thus far, our studies of dielectric behavior have led 
us to explain failuresin terms of volt—amperecharacter- 
istic and chemical deterioration under stress. To be 
consistent with the spirit of the times, explanations of 
these actions must be sought in the electron theory. 


Considerable half-hearted groping in this direction 
might be recorded, involving ideas of ionization by 
collision or indefinite displacement or mobilization of 
electrons, but no really definite results have been 
obtained. Indeed, it is hardly reasonable to expect any 
more until physicists have agreed upon an atomic 
structure which explains the simpler phenomena of 
chemistry and physics. 


Since the preparation of this report, however, an 
important contribution on this subject has been 
published by Joffé, Kurchatoff and Sinelnikoff*. 


Gunther-Schulze® discards the theory of ionization 
by collision as presented by Peek”! on the ground that 
the high viscosity and low mean free path require 
extremely high potential gradients to produce ionizing 
velocities and these in turn mean localized field distor- 
tions far beyond values that are reasonable to expect. 
Starting from the data of Freise** and Koch*’ on the 
relation between pressure and dielectric strength, he 
notes the rather surprising qualitative agreement 
between the behavior of liquids and gases under pres- 
sure, and then suggests that slow moving ions of con- 
siderable mass leave vapor tracks in the liquid and that 
in these spaces, as well as in the spaces formed by 
occluded gases, ionization is produced by collision. 
He also suggests that there may he originally small 
vapor spaces, which serve equally well to permit higher 
localized velocities of sufficient value to produce 
ionization. In these spaces the mean free path and 
viscosity would be those corresponding to a vapor 
and not to a liquid, so that the required field strength 
would not be excessively large. Schumann* presents 
a somewhat similar theory but calls attention to the 
need for obtaining further and more accurate informa- 
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tion as to the mechanics of moving ions and other 
charged particles within liquids. 


RESEARCH TO BE UNDERTAKEN 


It might seem to a superficial observer that the 
theory of dielectric failure is fairly well mapped out and 
that only a little remains to be done to round it to com- 
pletion. Such, however, is far from being the case, 
and the full report is largely devoted to consideration 
of some of the great mass of inconsistent experimental 
data which need elucidation and present a fertile field 
for the laboratory worker. 
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CORRESPONDENCE 
MAXWELL’S THEORY OF LAYER DIELECTRIC 


To the Editor: 

Referring to the discussion of Dr. Murnaghan’s paper 
on Maxwell’s theory of the layer dielectric, published 
in the July issue of the JOURNAL of the A. I. E. E., p. 
727, I am sending you a few comments on the same 
subject, with which we have been concerned for 
sometime. 

Dr. Murnaghan’s expression for the charging current 
in the most usual case of a layer dielectric is certainly an 
important contribution to the mathematical analysis 
of dielectric phenomena. We understand that it is 
hoped that this expression will be a convenient basis 
for the experimental check of Maxwell’s theory being 
attempted to Dr. Kouwenhoven at Johns Hopkins 
University. With a view to checking Maxwell’s 
theory, it is stated that an endeavor is being made to 
obtain several perfect dielectrics having no absorption 
and different conductivities and dielectric constants, 
and to then measure the absorption presented by the 
mixture of these perfect dielectrics. Even if perfect 
dielectrics can be found for the experiment, which we 
doubt, our experience with dielectrics containing 
several kinds of imperfect materials has shown us the 
influence on the resultant absorption of the association 
of these materials. We believe, therefore, that there 
can be no doubt that a mixture of several perfect dielec- 
trics having no absorption but different conductivities, 
and dielectric constants, will show absorption. On the 
other hand, we do not believe that that absorption will 
follow exactly the mathematical laws established by 
introducing into the equations of Maxwell’s theory the | 
values of the conductivities and dielectric constants of 
the perfect dielectrics composing the mixture. And this 
is not because Maxwell’s theory is erroneous, but be- 
cause equations established for the case of layers cannot 
apply in the case of a mixture, for the reason that alotof 
conditions, such as the breaking of the lines of force at 
the surface of separation of two particles of different 
kinds of dielectric and the influence of voltage across a 
particle on the conductivity in such a particle, will cause 
the absorption to differ in its behavior from the laws 
established in the case of a body composed of layers of 
perfect dielectrics having certain definite conductivities. 
We think therefore that one would not be justified in 
condemning Maxwell’s theory in case the absorption 
measured on mixtures of dielectrics, such as are being 


_ prepared by Dr. Kouwenhoven, should not follow 


predetermined equations. KE. R. LEGHAIT. 
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A Precision Measurement of Puncture Voltage 


BY V. BUSH* 


Fellow, A. I. E. E. 


Synopsis.—A description is given of an apparatus for the auto- 
matic determination of the dielectric strength of thin sheet insulation. 
The machine makes about 1000 breakdown tests in a day. Almost 
no attention is required, thus reducing the human element to a 

The results of over 100,000 punctures are given. An investigation 
of the effect of temperature indicates that none of these punctures 


HE pyroelectric theory of insulation breakdown, 
ik introduced in 1922 by K. W. Wagner! and in- 

dependently by Steinmetz and Hayden?, gave a 
great impetus to the study of the failure of solia di- 
electrics. Several investigators, particularly Dreyfus’, 
Karman‘ and Rogowski’, have added to the theory, 
while others such as Miindel!’, Rochow'§ and Gabler”, 
have attempted experimental verification. 

The experimental results to date are, however, meager 
and unsatisfactory, and constitute a serious barrier 
in the way of further progress. One reason is the 
difficulty of getting consistent values of puncture 
voltage. Breakdown measurements are inherently 
more erratic than either resistivity or dielectric loss 
measurements. Puncture depends evidently only on 
the strength of the weakest path through the dielectric, 
while the measurement of other quantities is more or 
less an integration process giving an average of all the 
elementary paths through the insulator. The only 
solution of the difficulty seems to be to take the average 
of a great number of readings. 

It was our purpose to build an automatic machine to 
make these breakdown tests in large numbers under 
accurately controlled conditions and with the minimum 
of manual labor. Such an oufit was completed at the 
Massachusetts Institute of Technology in the fall of 
1925t. In the school year of 1925-26, 180 runs were 
made with a total of over 100,000 readings. 

The apparatus will test any thin sheet material ob- 
tainable in long strips. A piece 114 in. wide and about 
80 ft. long is sufficient for a day’s run of 1000 punctures. 
The outfit consists essentially of a pair of electrodes, an 
insulation feed mechanism, and suitable means of 
automatically raising the voltage and recording the 
value at which breakdown occurs. The feed mecha- 
nism operates after each puncture, bringing a fresh 
length of insulation between the electrodes. A 4000- 
volt, d-c. generator is used for the tests, the voltage 
being raised at a constant rate by a motor-driven 


*Both of the Mass. Inst. of Tech., Cambridge, Mass. 

1. For all references, see Bibliography in complete copy. 

+The authors wish to express their appreciation of the work of 
Mr. L. M. Dawes of the Elec. Eng. Dept., under whose direction 
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to the General Electric Co. for its help in the scab stages of 
the work. 
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occurred according to the thermal theories of breakdown. Tests to 
determine the effect of electrode area are also described. It is 
shown that statistical theory can be applied to the results with some 
success, The standard deviation of the breakdown values is a 
measure of the inherent variability of the material, and thus gives 
promise of value in the specification of insulation. 


rheostat in the field circuit. The value at which 
puncture occurs is recorded by an ordinary graphic 
voltmeter. 

That accurate results are obtainable is shown by the 
results of 16,000 punctures made on thin condenser 
paper, Fig. 12. The probable error of the daily average 
is 3.6 volts. Therefore, it may be said that with this 
material under the condition of the tests, the daily 
average 1s correct to + 3.6 volts, or less than 1 per cent.: 
An investigation of the sources of error has led us to 
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believe that nearly all the variation from hour to hour 
and from day to day is caused by variations in the 
paper. The accuracy of the results depends, of course, 
on the number of readings averaged for each point, 
and upon the variability of the material. With a 
more uniform material than paper, still more accurate 
résults could be obtained with the same number of 
readings. 

APPARATUS 

Diagram of Connections. A simplified diagram of 
connections 1s shown in Fig. 1. All tests are made with 
direct current furnished by a 4000-volt generator. 
The field of this machine is separately excited from the 
115-volt mains, a motor-driven rheostat being used to 
vary the voltage automatically. This rheostat is 
driven by a small synchronous motor, and twice a 
minute raises the generator voltage at a uniform rate 
from zero to a value somewhat above the breakdown 
point of the insulation. 

This voltage is applied to the material between i 
electrodes. When puncture occurs, the rush of current 
operates the relay, R e, which trips the breaker in the 
field circuit of the generator. Across the line is also 
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connected the recording voltmeter, Vm. Every time 
the voltage rises, this voltmeter draws a line across its 
chart. The pointer continues to move slowly across the 
chart until breakdown occurs, when it falls back to 
zero due to the opening of the circuit breaker. The 
length of line is thus a measure of the breakdown 
voltage. 

Just before the motor-driven rheostat is ready to start 
raising the voltage again, contacts on its rotor close and 
operate the feed mechanism. This pulls a fresh piece 
of insulation under the electrodes. At the same time, 
the circuit breaker closing coil is energized. The volt- 
age is then built up as before. The cycle of operations 
is thus as follows: Voltage is raised slowly, puncture oc- 


Fig. 2—INstRUMENT BoarpD 


curs tripping circuit breaker, feed mechanism operates, 
circuit breaker closes, voltage starts rising again. The 
cycle is repeated indefinitely. 

Fig. 2 shows some of the apparatus. On the left of 
the board is. the recording voltmeter. At the right is 
the sensitive relay. A series protective resistance of 
about 50,000 ohms is seen directly below the relay. 
The large box in the right foreground is called the con- 
stant humidity box. 


PROCEDURE 


All the tests were made on General Electric condenser 
tissue 0.0005 in. thick. This was a good grade of rag 
stock, and was not varnished, oiled, or otherwise 
treated. This material was used, not because of any 
special interest in its properties, but because it seemed 
to offer a cheap and fairly good material which could be 
obtained in long strips. All tests were made with 
paper from a single roll. 

From 800 to 1000 punctures were made in a day. 
The resulting voltmeter chart consisted of a large 
number of lines ruled by the voltmeter, the length of 
each line representing the voltage at which one puncture 
occurred. A portion of such a chart is shown in Fig. 6. 
The lines are ruled 40 to the inch. The daily average 
is obtained by adding all these puncture voltages on a 
calculating machine and dividing by the number of 
readings. Hourly averages are also sometimes used, 
each consisting of the average of the 100 to 120 readings 
taken in one hour. 
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RESULTS 


Effect of Temperature. It seems reasonable to expect 
the thermal theories to apply in a great number of cases 
of breakdown. It seems equally likely, however, 
that the theories will fail in other cases such as sudden 
application of voltage, very low ambient temperatures, 
or extremely thin materials. In such cases there is 
little possibility of progressive heating of some path 
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through the insulation, and breakdown must be of a 
different nature. There appear to be, then, at least 
two mechanisms of breakdown{ which we will call 
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“thermal” breakdown and “disruptive” breakdown. 
The question then arises as to the limits of applicability 
of each theory. This is a subject for experimental 
investigation. 

If puncture voltage be plotted against temperature, 
the thermal theories predict an exponential curve A, 
Fig. 7. Purely disruptive punctures, on the other hand, 
would probably be nearly independent of the tempera- 


}Hayden and Steinmetz, Bibliography No. 8, discuss several 
possible mechanisms of breakdown. In this connection, Rogow- 
ski says: ‘“The opinion that breakdown is caused solely by 
heating must be abandoned in the case of thin plates, low 
temperatures, and sudden applications of voltage. On the other 
hand it may be correct for thick plates, high initial temperatures, 
and sufficiently long voltage applications; though a decisive 
verdict is not possible at present due to lack of suitable experi- 
mental material.’’ 
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ture, asin the curve B. It seems likely, therefore, that 
if a curve were obtained for any material over a wide 
enough range of temperatures, thermal breakdowns 
would occur in part of the range and disruptive break- 
downs in the remainder. A combination of A and B 
would result. Such a curve would prove the existence 
of both kinds of punctures, and might lead to some 
criterion by which the transition point could be 
predetermined. 

The results obtained are shown in Fig. 8. The tem- 
perature was varied from — 2 deg. to + 130 deg. cent., 
as wide a range as could be conveniently obtained. Each 
point represents a daily average of: from 800 to 1000 
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Runs 103-130 

Electrode No. 3 = 

Electrode pressure = 210 lb. per in.? 

Relay protective resistance = 30 X 10° to 56 X 10? ohms 

Voltage raised at 1800 volts per min. 

G. E. condenser paper baked in vacuum for 8 hours at 72 degrees centi- 
grade before each test 

Each point represents the average of from 500-1000 readings 


readings. It will be noted that a rise in temperature of 
100 deg. cent. causes a diminution in puncture voltage 
of only 15 per cent. 

The curve appears to be of theform B rather than A.* 
Further analysis given in Appendix A leads to the same 
conclusion; namely none of the punctures obtained in 
these tests occurred according to the thermal theories of 
breakdown. This is probably due to the very thin 
material used and the excellent heat-transmitting 
properties of the electrodest. Further tests are now in 
progress with thicker materials with which it is hoped to 
obtain curves of both the A and B types. 

Effect of Electrode Area. Considerable work has been 
done in the past regarding the effect of electrode size. 
In 19138, Mr. F. M. Farmer” presented the results of 
tests on varnished cambric and hard rubber with elec- 
trodes of various sizes. Mr. Milnor** showed that, if 


*In accordance with the Joffe theory of breakdown which has 
recently appeared, our curve is a measure of the number of 
free ions existing in the material at various temperatures. 

tSee also Appendix B. Since our paper was written, some 
very valuable work by Inge, Semenoff and Walther has been 
published®?. EH — 6 curves are obtained showing a decided 
break where the mechanism of breakdown changed from the 
disruptive to the thermal type. 
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we consider the insulation to be non-homogeneous, 
each elementary area between the electrodes having 
its individual value of dielectric strength, and if we 
assume further that these values are distributed 
according to the normal form of probability curve and 
that puncture occurs at the weakest point, then the 
breakdown voltage should be 
BH = C,-— Cz, log A 

A is the area of the electrodes and C, and C; are con- 
stants. This is known as the ‘‘weak-spot” theory. 
Farmer’s curves were of this form. The experiments 
of Gewecke and Krukowski”! also seem to support the 
weak-spot theory. Further work by G. Y. Fong?? and 
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Electrode No. 1 


Kennelly and Wiseman,” however, have cast some 
doubt on the validity of the theory, and nothing really 
conclusive seems to have been decided. 

In connection with an investigation of the various 
factors which might have caused errors in the E — @ 
curve, some runs were made to determine the effect of 
electrode area. While the evidence is not conclusive, 
it seems to support the weak-spot theory. 

If the weak-spot theory is correct, the breakdown 
voltage obtained with large electrodes of area nA 
should be the same as the lowest value obtained in n 
consecutive tests made with electrodes of area A. In 
other words, puncture should occur at a certain voltage 
corresponding to the weakest spot in a given area, 
regardless of whether this area is tested all at one time 
by the use of large electrodes, or is tested one section 
at a time with small electrodes. Thusif a large number 
of tests is available, using one size of electrodes, the 
puncture voltage for electrodes of twice this area should 
be obtainable in the following way: Consider the results 
in groups of two, discard the higher value in each case, 
and take a new average of the remaining figures. 
Similarly, the breakdown voltage for three times the 
original area should be obtainable by dividing the 
readings into groups of three and averaging the lowest 
values of each group. 
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This was done in the case of Electrode No. 1 as shown 
in Fig. 9. The area of this electrode was taken as unity 
for convenience. It will be noted that the result is 
very accurately of the form 

E =(C,—C,logA 
as was predicted by Milnor. Our tests, therefore, 
support his proof. His assumption of a normal dis- 
tribution of puncture voltages (an assumption which at 
that time had not experimental verification) is also 
verified by our tests.* 

Similar analyses were made with electrodes of twice 
and four times the area. The resultst are shown in 
Fig. 10. To bea perfect check of the weak-spot theory, 
the three curves should coincide. Though all curves 
have practically the same slope, No. 2 is about 2 per 
cent higher and No. 1 about 2 per cent lower than 
No. 3. Probability theory shows that this is too large 
a discrepancy to be due entirely to random variations 
in the paper. It is most likely caused by a “‘seasoning”’ 
action of the electrode faces, an effect which unfortu- 
nately was not discovered until after these runs were 
finished.t It is also possible that some thermal or 
other effects are present which are ignored by the weak- 
spot theory. The tests, however, indicate that the 
theory is at least approximately correct. 

The Standard Deviation. Fig. 11 shows the frequency 
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Average of 8808 readings 

Electrodes Nos. 1, 2,3 

Electrode pressure = 210 — 850 lb. per in.” 

Relay protective resistance = 56 X 10? ohms 

Voltage raised at 1800 volts per min. 

G. E. condenser paper baked in vacuum for 8 hrs. at 72 deg. cent. before 
each test 


distribution for a day’s run. This was obtained by 
counting the number of readings falling in each 10-volt 
interval. The smooth curve is the probability curve 
having the equation—, 

*See Fig. 11. 


+All tests were made at a temperature of 48 deg. cent., humid- 
ity of 0.4 to 4 per cent, and a voltage rise of 1800 volts per min. 


{See ‘‘Effect of Polishing Electrodes.” 
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Up et 9 : 
It will be noted that the points of our frequency dis- 
tribution fall fairly well on this curve, showing that the 
distribution is of the normal form such as is obtained 
for the variations of any quantity governed purely by 
chance§. Distributions obtained on other runs are 
very similar to the one shown. The highest point of 
the curve is, of course, at the arithmetic average of all 
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the readings, and thus is the most probable voltage of 
breakdown. 

The constant o in the above equation is called the 
standard deviation or dispersion. It is a very important 
constant in statistical work, since it completely specifies 
the distribution, and thus takes the place of a mass of 
data. The standard deviation was obtained from the 
puncture voltage readings by the use of the equation 


where » (6)? is the sum of the squares of the deviations 
from the mean and n is the number of readings. In 
this case, o = 43.1 volts. A more uniform and 
homogeneous material would have a more peaked curve 
and therefore a smaller value of sigma. A more 
variable material would have a larger sigma. Thus the 
constant o is a measure of the inherent variability of 
the material.* 

It is believed that the standard deviation will be of 
practical importance in future insulation engineering. 
Sigma is a constant of the material, just as important 
in its way as puncture voltage. The puncture voltage 
indicates the average value at which breakdown occurs; 
the standard deviation tells how much variation there 


§See, for instance, Bibliography, 44-50. 
*It also includes of course, the accidental errors of measure- 
ment. 
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will be from sample to sample. By knowing both these 
constants, the insulation designer can put his work on a 
much firmer foundation than would otherwise be 
possible. The constant should also be of use in the 
specification of insulating materials. The variability 
of the material bought by large cable or condenser 
manufacturers, for instance, is of the utmost importance 
tothem. By specifying o and keeping it up to standard 
by tests made on samples from each batch received, 
the manufacturer would eliminate one of the variables 
which tend to produce a non-uniform product. 

Precision of Results. As previously noted, Fig. 12 
shows the results of 16,000 punctures made under the 
same conditions. The temperature was kept at 
40 deg. cent., the humidity was between 0.2 and 0.4 
per cent, and the electrode No. 0 was used throughout. 
Each point represents an hourly average of between 100 
and 120 readings. The ordinates are the deviations of 
the hourly averages from the average of the day in 
which they occurred. The abscissas are merely con- 
secutive hours of run. With the exception of the first 
run, the data do not appear to have any decided trend, 
either up or down, but seem to be purely random 
variations such as would be expected from variations 
in the paper itself. 
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That the variations are random and follow the normal 
law is shown by Fig. 13. The points give the frequency 
distribution of these hourly averages. The smooth 
curve is the theoretical probability curve. The points 
fit the curve about as well as could be expected with such 
a small number of data, only 150 points. -The next 
curve, Fig. 14, shows the deviations of the daily averages 
froin the average of the eighteen runs from No. 39 to 
59, inclusive*. 

A statistical analysis was made of all the data, 
Appendix C. The actual values of o are as follows: 
For the individual reading, 40 volts; for the hourly 
average, 9.19 volts; for the daily average, 5.3 volts. 

*Run 38 was not used because of its low average. This is 


explained in the next section. Runs 49 and 50 were made, but 
the hourly averages were not computed. 
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Comparison of the hourly and daily sigmas with the 
corresponding values predicted from the o of theindivid- 
ual readings by probability theory, shows that in both 
cases the actual values are too high. The discrepancy 
of the daily value is, however, not much greater than 
that for the hourly sigma. This would seem to indicate 
that the unavoidable changes in humidity and baking 
(variations which did not occur from hour to hour) 
were not responsible for the variations in the daily 


average. It is thought that both hourly and daily 
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variations are due principally to inherent variations in 
the paper itself. 
Appendix C also shows that the probable error of the 
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daily average is 3.6 volts, and thus the daily average is 
correct to less than one per cent.t Analysis of the runs 
used in obtaining the E'— @ curve, Fig. 8, shows a 
similar situation. The probable error of the daily 
average in this case is 4.7 volts, giving again an error of 
less than 1 per cent. Thus the accuracy obtained by 
the machine is evidently much greater than could have 


+This, of course, ignores any constant errors which may have 
been present in all the tests. 
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been reached by the usual methods without an undue 
expenditure of time and labor. 

A list was made of all possible sources of error. These 
included variations in the temperature and time of 
baking, variations in humidity, electrode size and pres- 
sure, rate of voltage rise, value of protective resistance, 
time which elapsed after polishing the electrodes, volt- 
meter calibration, and errors in temperature measure- 
ment. Nearly all of these factors were investigated 
over a wider range than would be likely to occur 
accidentally. 

The effect of polishing the electrodes was found to be 
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All readings corrected to 30 deg. cent. 
Dotted curve indicates the upward trend of voltage due to seasoning of 
the electrodes 


very considerable, as will be shown later. Too high a 
protective resistance was also found to have great effect, 
since it produced sluggish operation of the relay. 
Care was taken to eliminate both of these errors.{ 
The other factors were shown to have very little effect in 
the limited range through which they might conceivably 
have varied. It seems unlikely that any of them caused 
variations of more than 1 or 2 volts. This again goes to 
show that most of the variation was due to the paper 
itself. 

Effect of Polishing Electrodes. It has already been 
noted that the puncture voltage in Run 388 was very 
low. This is also shown in Fig. 15 where hourly 
averages are plotted against hours’ use of the electrodes 
after polishing.§ Here the low puncture voltages 
obtained after polishing are very evident. To make 
sure that this was not a freak happening, hourly 
averages were plotted for a number of other runs, 
and in each case the time of polishing the electrodes 
was clearly shown by a set of readings lower than those 
obtained at any other time. 

Brass and copper electrodes are commonly used for 
breakdown tests. It is probable that this phenomenon 


{Except in the investigation of electrode area, where the effect 
of polishing the electrodes was probably of importance. 

§The gap at Runs 49 and 50 is due to the fact that hourly 
averages were not computed for these runs. 
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has been present in most tests, though it appears not 
to have been noticed before. Evidently if tests are 
made on the very steep part of the curve, the results 
will be much more inconsistent than would otherwise 
be the case. In our tests, it was necessary to discard 
at least 1000 readings after the electrodes were polished. 
The cause of this trouble is not known. Current at 
breakdown was limited by the protective resistance to 
such a low value that there was no pitting of the elec- 
trodes nor was there any apparent roughening of the 
surface. One possible explanation is that the puncture 
produces an insulating coating on the electrode surfaces. 
Examination of the electrodes shows that each puncture 
causes a small black mark on the electrodes. These 
spots distribute themselves fairly evenly over the entire 
electrode surface. After a day’s use, the faces reach a 
state of more or less uniform blackening, which is not 
altered much by subsequent runs. If each spot in- 
troduces a high resistance in series with the paper below 
it, puncture will tend to occur at places where there are 
no spots. This will have the effect of decreasing the 
effective surface, and will increase the puncture voltage 
accordingly. After a large number of punctures, the 
blackening effect will reach a nearly constant value, 
with like effect on the puncture voltage. Tests are now 
being made to determine if this effect can be eliminated 
by the use of a nonoxidizing metal for the electrodes. 


CONCLUSIONS 


A curve of puncture voltage against temperature was 
obtained for 0.0005-in. condenser paper in the range 
from — 2 deg. to + 180 deg. cent. The puncture 
voltage was found to decrease uniformly at about 
0.9 volt per deg. cent. rise. Comparison of these data 
with the thermal theories of breakdown indicates that 
none of these punctures occurred according to the 
thermal theories, but were evidently of the disruptive 
type. 

It was found that the puncture voltage measurements 
were distributed according to the normal law. A set of 
8800 readings with different sized electrodes appears to 
support the weak-spot theory, though the evidence is 
hardly conclusive. 

The standard deviation of the readings was found 
tobea constant of the material, independent of the elec- 
trode area and only slightly affected by temperatureand 
number of readings. It is believed that this constant 
will be of considerable use in the specification of in- 
sulation, since it is a measure of the variability of the 
material. 

It was found that the inherent variability of the paper 
was not confined to causing variations from reading to 
reading, but also caused long-time variations from hour 
to hour and from day to day. This reduces the ac- 
curacy of the daily averages below the values predicted 
by the theory of probability. 

An analysis of the results indicates that the varia- 
tions from hour to hour and from day to day are largely 
due to variations in the paper itself. An investigation 
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was made of the various possible sources of error, 
and it appears that no one of them could have caused 
an error of more than one or two volts. The probable 
error of the results is shown to be less than 1 per cent. 
This precision is evidently considerably higher than 
could have been obtained in the ordinary way without 
a great expenditure of time and labor. 

Copper and brass electrodes are commonly used for 
puncture tests. Our experiments, however, indicate 
that with such electrodes there is a “‘seasoning”’ effect. 
This produces a marked change in puncture voltage 
unless the electrodes are cleaned after each puncture 
or are allowed to reach a steady state before readings 
are taken. Such a condition was obtained only after 
about 1000 readings. 


Appendix A 


THERMAL THEORY OF THE # — 6 CURVE 


According to the thermal theories of breakdown, 
puncture occurs when 


FE? 
p 


where E' = voltage gradient at breakdown, 
p = resistivity of the weakest path at the tem- 
perature of the surroundings, 06. 

Physically, this means that for a condition of in- 
stability to obtain, it is necessary that the rate of heat 
generation per unit volume (E?/p) shall reach a certain 
critical value (C). This value is a constant for a given 
material. It depends upon the thermal conductivity, 
the temperature coefficient, and also, in Rogowski’s 
theory, upon the thickness. 

If we assume that the resistivity is an exponential 
function of the temperature 

Pot Pox 
then it is evident that 


= C, a constant* 


70 


Tee ee Ou oy Gina 
Thus the y obtained from resistivity measurements 
will determine the change of puncture voltage with 
temperature. 
Unfortunately, no resistivity measurements have yet 
been obtained on the paper used in these experiments. 
According to the work of J. EK. Shrader*®, however, 


*According to Wagner, loc. cit., formula 2, 


i eat data 
p y€ 
k = thermal conductivity, 


y = temperature coefficient of resistivity, 
Ce S287 
This is based on the assumption that heat flow is radial from a 
thread into the surrounding insulating material. 
Rogowski assumed that heat flowed only into the electrodes, 
and obtained the result, Rogowski, loe. cit., Formula 11, 


E? 8k 

p > D? 
where D is the thickness of the insulation. 
is in the constant C. 


The only difference 
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untreated fish paper has a temperature coefficient of 
about 0.07. Assuming this value for y, we find that 
the puncture voltage at 100 deg. cent. should be 

0.07 


= ) 
ie iRveR 2 eae 


instead of the 498 volts actually obtained. 
If, instead of a straight line, we use an exponential to 
approximate the data of Fig. 8, we find 


Et = 587.5 € 006 


The value of y is thus 0.0032. That such a value is 
very improbable is shown by the following table: 


Authority Material x, 

J. E. Shrader® ,.. Untreated fish paper, vacuum dried 0.07 

J. E. Shrader® ... Untreated fullerboard, vacuum dried 0.07 

J. E. Shrader® . .. Paraffined fish paper 0.104 
Hi HiPoole? =... Mica 0.051 
Hn HPooles Glass 0.109 
E. Mindell? ~.... Glass 0.084 
Landolt-Bornstein® Glass 0.120 
Landolt-Bornstein® Hard rubber 0.023 
Landolt-Bornstein® Porcelain 0.084 


Appendix B 


Some work of E. Miindel'’ has recently come to our 
attention, and a set of his curves has been replotted in 
Fig. 16. The material used in the tests was glass 0.4 
mm. thick. Two curves, A and B, have been added to 
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Miindel’s results. Curve A is an exponential with 
(y/2 = 0.0171). The straight line B falls 15 per cent 
with 100 deg. cent. increase in temperature just as in 
Fig. 8. 

These curves are a possible explanation of Miindel’s 
results. The part of his curves from 50 deg. upward is 
evidently caused by thermal breakdowns, while the 
lower temperature punctures were probably disruptive. 


LO14 


It will be noted that all the curves appear to approach 
the slope of B as the temperature is descreased, while at 
the higher temperatures they approximate exponentials 
about as closely as the usual curves for resistivity do. 

The value (y = 0.034) from curve A seems to be a 
little low for glass; see table in Appendix A; but the 
discrepancy may be due to the fact that the resistivity 
of most insulating materials is a function of voltage 
as well as temperature, a fact which is neglected in the 
thermal theories. 

Miindel’s results, therefore, indicate the existence of 
both mechanisms of breakdown and show that the tran- 
sition point for this particular case is about 50 deg. cent. 

Thermal breakdowns are probably obtained in 
Miindel’s tests and not in ours because of the difference 
in thickness of the two materials, his glass being about 
30 times the thickness of our paper. All of our tests 
are undoubtedly on the straight line far to the left of 
his curves. 

It is evident that for practical purposes, nothing 
could please the insulation expert more than to be sure 
that his insulation would operate on curve B rather 
than A, since its breakdown strength would then 
decrease so little with temperature. With a more 
thorough knowledge of insulation, the future engineer 
may be able to avoid thermal breakdowns altogether. 


Appendix C 


The following analysis was made: 


Total readings, Runs 39-59, inclusive, = 16,505 
Total hours , = 154 
Total days Ra eee sen. = 19 
Av. hrs. per day = 8.11 
Av. rdgs. per day = 869 
Av. rdgs. per hr. = 107 
From individual readings: 
o of one reading = 40 volts 
0 
o of hourly aver. = hor = 3.86 volts 
o of daily aver. = rhe =~ 10> Volts 
/ 869 
o of total = aes = 0,51,VOlt 
/ 16505 
From hourly averages: 
GOL NOULLY. aver: 25 1.) = OMS VOlts 
] 9.19 
o of daily aver. cre = 3.04 VOUS 
o OL totals —— = 0.74 volt 
A 
From daily averages: 
o of daily aver. . = 5.30 volts 
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5.30 
ov Ortota a 
4/19 
Probable error of daily aver. = 5.30 x 0.6745 = 3.6 volts 
Probable error: of total = 1.22 x 0.6745 = 0.82. 
These results can be tabulated as follows: - 


= 1.22 volts 


STANDARD DEVIATION 


Daily 7 
Individ. ° by Ind. 
rdg. Hourly Daily Total rdgs. 
By indiv. rdgs...... het ee Oe 3.86 1.35 0.31 1.0 
By hourlyaviersmie ove 9.19 3.22 0.74 2.4 
By daily aver..:....... 5.30 1.22 3.9 


AIR TRAVELERS CAN TELEPHONE HOME 


Passengers flying across the continent—or even 
around the world—in airplanes may very well call up 
their friends at home by the combined use of radio and 
telephone. This possibility was well demonstrated at 
the recent war show in Chicago where radio conversa- 
tions of various sorts were maintained between several 
planes, land stations and the telephone system in 
Chicago. 

During the show, which took place in and over a 
stadium in Chicago, airplanes circling overhead exe- 
cuted commands given by an officer on the ground. 
His voice was heard by the audience throughout the 


‘stadium by a public address system of loud speakers 


and amplifiers as he gave directions by radio telephone 
to the fliers. The audience then could watch the air- 
men immediately do as the voice commanded. 

Preliminary to the show, an airman flying from 
Rantoul, Ill., to Chicago, put in a telephone call for 
a friend in a Chicago hotel and conversed with him. 
Also two planes flying in various parts of the middle 
West carried on radio conversations which were picked 
up and broadcast by one or two broadcasting stations 
so that thousands of people sat in their homes and heard 
the odd communication going on. 


A line of landing fields for aviators running 200 miles 
from Cheyenne, Wyo. to Pueblo, Col. is about to be 
built. These areas at 30-mile intervals will each be 
illuminated by 31 electric floodlights. Between them, 
marking the course, will be a line of electric search- 
lights 25 miles apart. Blinker lights along the way 
will be operated by sun dials going on and off with 
night and day. 


Railway cars that run under their own electric power 


. generated on board by oil engines are appearing on 


many American Railways for branch line and local 
passenger service. Seven railroad companies including 
the Alaskan Government Railway have ordered cars 
built. In Alaska one of them will operate from Seward 
through Anchorage to Fairbanks, 945 miles of rough 
travel, making a round trip in four days. 


A Carrier-Current Pilot System 


of Transmission Line Protection 
A. §. FITZGERALD: 


INTRODUCTION 


| Rasa increasing complexity of modern transmission 
networks presents many difficult problems in 

connection with the design and application of 
protective relays. 

On the larger systems, the use of increased time delay 
may be inadmissible on account of the difficulties met 
with in maintaining stable operation. Rather, there is 
a tendency in the direction of reduction in the time of 
operation of relays. 

Thus, there is a growing interest in differential 
methods of protection; that is, in systems in which com- 
parison is made between currents which under normal 
conditions are necessarily equivalent. These have the 
advantage of not being dependent upon the performance 
of relays in other circuits for their selective action. 

The simplest form of differential protective arrange- 
ment consists of a circuit embracing a portion of a power 
system, (such as a generator winding or transmission 
line), and registering any difference which may occur 
between the current entering or leaving the section 
protected. 

Such arrangements offer very definite advantages over 
all other selective relay schemes, in that each section of 
the network so protected is a unit in itself and it is not 
affected by any other protective measure, nor by any 
alterations in the network arrangement. Thus no 
changes in the relay setting are necessary nor are these, 
in general, influenced by the direction of flow of power 
or fault current, nor by the settings of relays on con- 
necting lines, as is the case with time delay overload 
protection. Moreover, in differential systems, faults 
may be cleared with a minimum loss of time. 

These advantages are so marked that the differential 
system of protection is employed almost universally 
for the protection of generator windings, and similar 
applications where the extent of the circuit protected 
is a matter of yards rather than miles. For the pro- 
tection of lines, however, the cost of the special pilot 
conductors has greatly restricted the application of 
this type of relay system, and it is not in general use 
in this country except for short distances or where there 
are so many sections in series that time delay methods 
are not desirable. 

The success that has attended the use of differential 
pilot wire schemes in other countries, where the length 
of lines is less, indicates the desirability of a means of 
furnishing a similar service without the necessity of 
special conductors. 

1. Radio Engineering Dept., General Electric Co. 
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CARRIER CURRENTS 


The term carrier current is employed as descriptive 
of a-c. energy generated at frequencies which lie, 
roughly, between 10 and 200 kilocycles. At these 
frequencies, the transmission of electrical energy ex- 
hibits special characteristics due to which it is possible 
to superpose carrier-current-control circuits on trans- 
mission lines or cables. 

Carrier current is conducted more or less freely by 
straight conductors, and is restricted thereto by breaks 
or open circuits, except in so far as capacity paths are 
provided by parallel lines situated in close proximity. 
Carrier current may be employed for control systems 
because circuits may be provided which will conduct 
the carrier current but which will not effectively pass 
60-cycle power current, and by means of which the 
carrier current may be introduced into, or taken out of, 
a power system. 


Conversely, the flow of carrier current can be re- 
stricted within certain specified limits by circuits which 
provide a high impedance to carrier current but do not 
affect power currents. 


Carrier current energy is commonly generated by 
means of three-electrode tube oscillators. 


REQUIREMENTS OF A PROTECTIVE SYSTEM 


A protective scheme suitable for association with 
carrier current operation and desirable from commercial 
and operating aspects, will preferably include the 
following features: 

1. The employment of potential transformers will 
be avoided. 

2. The scheme should not require any definitely 
quantitative function on the part of the carrier appara- 
tus since there may be variations in attenuation: 


3. There should be no apparatus installed as part 
of the protective system which in itself represents an 
extension of the lability to trouble of the circuit pro- 
tected. Current transformers of high safety factor, 
preferably of the bushing type, should be used. The 
earrier-current coupling equipment should be of the 
most reliable form available. 


4. The equipment so far as possible, should be 
entirely current operated; that is, its operating power 
should be derived directly from the fault current. 

5. Failure of the carrier-current apparatus should not 
render it possible for a fault to remain on the line thus 
disturbing the whole power system. Rather such a 
defect should advertise its presence by causing only the 
individual line to trip unnecessarily if overloaded. 

6. The system should be suitable without modifica- 
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tion for installation at any point in a network irrespec- 
tive of possible direction of flow of fault current, etc. 
7. It should be possible to check the carrier-current 
equipment at any time without interfering with service. 
8. In view of the fact that a restricted range of fre- 
quency is assigned to control systems, only one fre- 
quency per line protected should be used. 


GENERAL PRINCIPLES 

In its simplest form, differential protection consists 
of the installation of two current transformers at each 
extremity of the circuit embraced, one to receive the 
current entering the section, and the other, that leaving 
it. The secondaries are either connected in opposition 
and in series with one or more relays; or more usually 
connection is made so that the currents normally cir- 
culate, in which case the relays are connected across 
equipotential points. In either arrangement, the re- 
lays, normally, should receive no current, but on the oc- 
currence of a fault, which will be a difference between 
the entering and leaving currents, a corresponding 
difference will appear in the relays. Numerous re- 
finements and variations of this principle have been 
evolved in order to overcome difficulties in balancing 
and to render the apparatus immune from tripping on 
heavy “through” currents. 


It will be perceived that the function of the pilot 
conductors is to furnish one end of the line with a sample 
of the current at the other end, in order to provide the 
relays with means of discriminating between sound and 
faulty conditions. 

It is not, however, desirable to employ exactly similar 
principles when carrier current is to be used in place of 
a pilot line. This is due to the fact that carrier current 
is usually transmitted by means of resonant circuits. 
Because of this, and other causes, it is not always 
possible to achieve exact numerical ratio between the 
carrier current transmitted from one point and that 
received at another. Thus, it is preferable to avoid an 
arrangement in which fault conditions are indicated by 
a difference between the magnitude of the currents 
concerned. 

A transmission line will be equipped with a circuit 
breaker at each end and with relays designed to trip the 
breakers automatically in the event of abnormal 
currents being carried by the line. The relays may 
operate on overcurrent, ground current, or may be 
power-directional. Such relays will correctly indicate 
abnormal conditions, but, in the general case, do not, 
by themselves, distinguish between a fault on the line— 
when we want both switches to trip—and a fault else- 
where, when we wish to avoid interrupting the line. 

In order to accomplish this, we must know at each 
end of the line what is happening at the other end, and 
it is for this purpose that we employ the carrier-current 
system. 

In ring systems, or networks, a fault generally not 
only causes a difference in the magnitude of currents 
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entering and leaving the faulty line, but also sets up a 
difference in direction. 

One method of carrier-current protection would be to 
employ power directional relays at each end and to use 
the carrier to furnish at one end an indication of the 
position of the relay contact at the other. Such an 
arrangement would be quite practical, but a system 
independent of line potential is to be preferred. 


PRINCIPLE OF OPERATION 


The effect of a fault on the normal direction is the 
feature employed to discriminate. In-order, however, 
to avoid potential excitation, the direction of power is 
not used, but instead, the instantaneous direction of 
current. This is done in the following way: 

The carrier is not used to trip the circuit breakers 
when the line itself suffers a fault. If this were done, 
we could not be sure of proper operation if the line 
should be connected to a source at one end only; or 
if the line should break in such a way as to bring about 
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Fig. 1—PRINCIPLE OF OPERATION 
this condition. Moreover, the carrier channel may be 
interrupted by the fault. 

Thus, at each end, overcurrent relays are installed 
and connected to the oil-switch trip circuit. If the 
instantaneous currents at each end of the line have the 
same direction, indicating that the line itself is sound, a 
carrier signal is received preventing the overcurrent 
relays from tripping the circuit breakers. This looks 
after the stub feed, or broken line condition. 

If a three-electrode tube oscillator be operated from 
an a-c. plate voltage, it will oscillate intermittently 
during those half cycles only when the plate is positive. 

In a similar way a bias detector may be supplied with 
an a-c. plate voltage. It will be inoperative during the 
half cycles when the plate is negative, but during the 
positive half cycles, if the grid potential permits, 
plate current may flow. The grid will be excited 
from a source of 180 deg. out of phase with the plate 
voltage so that normally there will be no plate current, 
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the grid being negative when the plate is positive. 
If there be impressed on the grid, an additional voltage 
of carrier frequency, a rectified current may be caused 
to flow in the plate circuit; but this can occur only 
during a positive half cycle. Thus, we may have a 
transmitter sending during alternate half cycles and a 
receiver capable of receiving only during the inter- 
vening half cycles. A relay may be placed in the plate 
circuit of the receiver tube; this will operate when carrier 
is received. 

Fig. 1 shows, in an elementary manner, how these 
features may be arranged to furnish the desired result. 
The diagram represents a transmission line having 
a circuit breaker and over-current relay at each end. 
The two ends of the line are designated as ‘‘1”’ and “2” 
respectively. Carrier-current transmitters 7, and 
T:, at each end, together with receivers R, and 
R,, are excited from current transformer secondaries. 
When carrier is received, the receiver relays open the 
trip circuits and prevent the opening of breakers. The 
equipment at each end is the same except that, as 
shown, one of the current transformer secondaries is 
reversed. 

The left hand series of diagrams refers to the case of 
a sound line which may be supposed to be carrying 
excess current to a point beyond the bus. 
seen from the diagram that the primary currents are 
identical, whereas the plate voltages of the trans- 
mitters, which are derived from the current transformer 
secondaries, are of opposite polarity. The receiver- 
plate voltages at each end are reversed in respect of the 
adjacent transmitters. Thus the receiver voltages are 
also 180 deg. displaced from each other. Each receiver, 
therefore, is inoperative during the half cycle occupied 
by the transmission from the transmitter at the same 
end, and cannot receive from the latter. 

Referring now to the transmitter-plate voltages at 
opposite ends, as shown in the left hand diagram, it 
can be seen that the positive half cycles occur alter- 
nately. Thus the two transmitters, oscillating inter- 
mittently, send out pulses of carrier in alternate 
sequence. The positive half cycles of the receiver-plate 
voltage are shown in full lines and the negative half 
cycles, when the receivers are inoperative, are shown in 
broken lines. 

Therefore R, is inoperative while 7, is sending, 
but can receive from T,. Likewise R, can receive 
from JT, but not from 7T>. In the case illustrated 
by the left hand series of diagrams, both receivers are 
operated and the receiver relays open the trip circuit 
and thus prevent the over-current relays from tripping 
the circuit breakers. 

The right hand series of curves shows the conditions 
when there is a short circuit on the line. In this case 
both the transmitters are sending simultaneously during 
which period neither of the receivers are able to receive. 
When both the receivers are operative neither of the 
transmitters are sending. Thus the receiver relays are 
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not opened and the line is tripped by the over-current 
relays at each end. The operation of the system, there- 
fore, is such that if a current enters at one end, that 
end will be opened automatically unless the current is 
“registered out” at the other end, which is an indication 
that the line is sound. If a fault be fed from one end 
only, the transmitter at the other end will not be ex- 
cited by the current transformer and will not transmit. 
The fault will therefore be cleared, at the end from 
which it is supplied, by the over-current relay. 

A unique feature of this arrangement is the fact that 
it is possible to send and receive in both directions at the 
same time and at the same carrier current frequency. 
Thus, only a single frequency is required instead of two. 
This is a distinct advantage if a number of lines is to 
be protected by this method, and one which will become 
more evident as the use of carrier current for purposes of 
communication and control becomes more prevalent. 


SINGLE-PHASE CIRCUIT 


The actual arrangements employed will now be more 
readily understood. Fig. 2 shows a complete diagram 
of the system. With a view to simplicity, only a 
single-phase line is given in the first instance, and the 


Fig. 2—DiacRam or CONNECTIONS—SINGLE PHASE 


carrier current apparatus is not shown in detail. It 
will be seen that the current transformer is connected 
in series with the primary winding of the plate trans- 
former and two over-current relays, one of which com- 
pletes the trip circuit and the other energizes the tube 
filaments. The former is furnished with a slight, 
definite, time delay; the latter is instantaneous. A 
preheating resistance may be connected across the 
contacts of the filament relay if desired. If the fila- 
ment be run continuously at reduced voltage, it will 
have little effect on the life of the tube, but the time 
taken to raise the filament to full operating temperature 
will be substantially reduced. If this be done, the time 
delay of the trip relay need not exceed one-half second. 
Without preheat, a full second might be necessary. 

The trip relay will be set to pick up at a current 
slightly higher than the filament relay, in order to insure 
both filament relays closing before either trip relay 
picks up. The filament relays will be set to operate at 
a current somewhat exceeding the normal load on the 
line and not Jess than that at which the current trans- 
formers furnish sufficient plate voltage to operate the 
transmitting and receiving tubes. 
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Thus, when an overload occurs on the transmission 
line, the filament relay first picks up, closing its contacts 
which connect the filament supply to the vacuum tubes. 
Within the brief period, necessary for the filaments to 
reach operating temperature, the carrier-current equip- 
ment is fully in operation. 

The receiving tube controls a polarized relay, the 
contacts of which are normally closed. When the 
carrier wave is transmitted during those half cycles 
which indicate that the over-current is not due to a 
fault on the line protected, the receiver tube energizes 
this relay. Thus, at both ends of the line, the trip 
circuit is opened and the subsequent closing of the 
contacts of the trip relays immediately afterwards does 
not open the circuit breakers. 

If, on the other hand the fault should be on the line 
itself, either the carrier does not reach the receiver, or if 
it is received, does not affect the receiver because it is 
transmitted, during the half cycles when the receiver is 
inoperative. The result is the same in either case; 
the receiver relay remains closed and when the trip 
relays close their contacts, the trip circuit is completed 
and the line disconnected. 

It will be noted that the line has positive over-current 
protection under all conditions except when there is a 
definite indication that it is sound. 


CARRIER-CURRENT TRAP 


An important point in the operation of this system 
is the affect on the channel of reference of faults. While 
the principle adopted has followed closely that of wired 
differential schemes, and the general effect of faults will 
be viewed from similar aspects, certain differences, due 
to the use of carrier, are of interest. 

The occurrence of a fault may or may not lead to the 
interruption of the channel of reference; that is, the 
effective transmission and reception of the carrier wave. 
Assuming a simple coupling, the carrier will be stopped 
by a broken line, or a short circuit between the phases 
to which the carrier is coupled, on the section protected. 
A similar short circuit outside the protected zone may 
also have the same effect. Thus, it is necessary to 
provide between the point of coupling and the bus, a 
trap circuit for carrier. This prevents short circuits, 
anywhere but on the section protected, from interrupt- 
ing the carrier. This trap circuit takes the form of a 
lightning arrester coil tuned, by means of a condenser, 
to the frequency of the carrier circuit. The condenser 
is mounted directly on the choke coil. It is made in the 
form of an assembly of several dissimilar capacities 
brought out to terminals in such a way that a large 
number of combinations may be obtained. In this way, 
the trap may be tuned to any one of a number of avail- 
able frequencies. The condenser is arranged to be 
readily removed from the coil for this purpose. 

The complete trap with the condenser in position is 
shown in Fig.3. Fig. 4 shows the condenser dismantled 
for setting to the desired frequency. The condenser 
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shown has three sections and can be set for 17 frequen- 
cies ranging from 40 to 120 kilocycles. 

The complete connections for both the relay and 
-arrier current circuits, at one end only, are shown in 
Fig. 5. Two secondary windings on the plate trans- 
former are required to operate the carrier transmitter 
and receiver. The transmitter is of conventional form, 
having one master oscillator tube and one power 
amplifier, a suitable tap being furnished for the lower 
voltage required by the oscillator. The receiver is an 
ordinary bias detector, the negative voltage applied 
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Fie. 4—Carrinr-CurRENT Trap CONDENSER 


Fie. 5—CarrierR-CURRENT TRANSMITTER AND RECEIVER 
to the grid being derived from a tap to the transmitter 
winding, since this is of opposite polarity, at an instant, 
from that of the receiver plate winding. 


PLATE VOLTAGE REGULATION 


One of the principal features of any protective relay 
system is the extreme range of current value over which 
it must operate. The apparatus should preferably be 
capable of functioning with currents not greatly ex- 
ceeding normal load; yet it must sustain without 
damage, and work properly at the heaviest short-cireuit 
current which the power system ean furnish. In 
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extreme cases, twenty times normal load may be met 
with. 

Since the transmitter and receiver plate supplies are 
furnished by the current transformer, it is evident that 
a means must be found for providing a more or less 
constant voltage over this range of excitation. Vacuum 
tubes of the type used in carrier-current circuits cannot 
operate satisfactorily over a voltage range of more than 
three to one. The problem of extending this range to 
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that required for a protective system entails special 
treatment. In view of the fact that we must limit the 
maximum, rather than the effective plate voltage, in 
order that the tubes may not be damaged during short 
circuits on the power system, saturated core principles 
are of no assistance. 

This difficulty has been successfully overcome by the 
use of a special type of regulating glow tube, developed 
by the company’s research laboratory. The character- 


Fig. 7—Puate Vourace Recuiating Gitow TuBE 
istics of this tube are shown in Fig. 6. The tube passes 
no current until the voltage reaches 60 volts, when a 
visible glow appears. For any value of current up 
to 30 amperes, the voltage drop across the tube will 
not exceed about 80 volts. The appearance of this 
tube may be seen in Fig. 7. 

The glow tube is connected to a special secondary 
winding on the plate transformer, the action of the tube 
being illustrated in Fig. 8. As the primary current is 
raised, the voltage across the glow tube winding, and 
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across all other windings on the transformer, will 
increase up to the point at which the tube commences 
to discharge. The values of the various plate voltages 
at this point and at higher values of excitation will be 
the glow tube voltage multiplied by the respective 
turn ratios. It will be noted that the tube controls the 


Fic. 8—ActTion or Gitow TusBEe 

maximum voltage only and does not come into action 
until the instantaneous value reaches the glow voltage 
of the tube. The effect, therefore, on the wave form is to 
furnish a wave which is sinusoidal up to the point 
where the peak voltage is equal to the glow point of the 
tube. With higher values of excitation, there is no 
substantial increase in the maximum value of any of the 
secondary voltages, but the wave form becomes more 
and more rectangular. This characteristic is peculiarly 
favorable to this system of carrier current contro] in 
which the operation is independent of the wave form 
and of the amplitude, being solely determined by 
whether the wave is positive or negative. 

Fig. 9 is an oscillograph record which shows the action 
of the glow tube. The primary current is varied over a 
wide range and the resulting effect on the plate voltage, 
which would be proportional to the current if no glow 
tube were present, can be seen very clearly. 
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Fic. 9—Primary CURRENT AND PLATE VOLTAGE 


PHASE RELATIONS 


In the explanation of the operating principles of this 
system, it was assumed that when the line is sound, the 
two currents will be in phase and that when the line 
suffers a fault, the instantaneous currents will be of 
opposite polarity. In the development of this system, it 
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has been necessary to consider to what extent this is 
actually correct under service conditions. 

In the case of a “through” short-circuit current, the 
currents at each end of the line are in actual fact identi- 
cal, on lines of present length, except for the charging 
current of the line, which in most cases is small in 
comparison with the current at which the over-current 
relays would be expected to operate. 


When the line itself suffers a fault, the two currents 
are not identical. They will usually be of different 
magnitude but will in general be very nearly 180 deg. 
apart in phase relations. There may be special cases. 
however, where the fault is fed from each end through 
circuits having different impedance power factors which 
may result in some slight departure from this phase 
relation, and this possibility has been studied. Fig. 10 
is a polar curve which shows the affect on the current 
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AND TRANSMITTER 


in the receiver relay of variation in the phase relation 
between the primary currents exciting the transmitter 
and receiver. It is evident that in the case of a 
“through” short-circuit current, there is no risk of 
the receiver relay failing to pick up as the currents are 
identical. In the case of a short-circuit on the line, 
the relay should not pick up. It can be seen that there 
must be a difference of at least 45 deg. between the two 
currents before this can occur. 


THREE-PHASE CIRCUIT 


In order to apply this arrangement to the protection 
of a three-phase line, it is not necessary to use three 
carrier current equipments. All that is required is to 
furnish an arrangement of primary windings such that 
any possible fault condition will energize the plate 
transformer. 

It will be necessary to bring the carrier apparatus into 
action on the occurrence of the following currents. We 
may refer to the three phase as A, B and C. 
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Three-phase fault on A B C 
Fault between lines A B 
Fault between lines BC 
Fault between lines A C 


Ground fault A 
Ground fault B 
Ground fault © 


The minimum number of exciting windings which 
will enable each of these conditions to furnish energy 
is three. By providing, therefore, three windings, of 
dissimilar numbers of turns, each of the above cases 
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Fig. 11—Turen-PHase Diacram or CONNECTIONS 
will set up a resultant excitation of the transformer. 
The magnitude of this resultant will necessarily vary 
according to which of the above conditions holds. 
Since, due to the glow tube, the carrier-current system 
operates over an exceptional current range, this varia- 
tion will be of no moment, provided that the minimum 
excitation,—that is, when the least effective combination 
of turns results,—is sufficient. 
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Fie. 12—Carrier-Current TRANSMITTER 
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It is very often an advantage to be able to furnish 
more sensitive operation in the case of ground faults 
than where the trouble arises from a short between 
lines. Moreover, a ground fault, limited in magnitude, 
perhaps, by an earthing resistance or maybe by the high 
reactance or resistance of the abnormal return path, 
may not cause complete reversal of the current if an 
appreciable load is present. 
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Thus, it may be desirable to so arrange the means 
whereby the flow of current controls the carrier apparatus 
that a ground fault has a preponderating influence. 
We may do this by furnishing two windings of equal 
turns connected directly in the current transformer 
secondary circuit and one of an increased number of 
turns connected in the neutral circuit of the three- 
current transformers. 


Fig. 13—Carrier-CuRRENT AND RELAY PANEL 


Three tripping relays and three filament relays are 
employed. In each case, one may conveniently be a 
ground relay which may be set to operate at a lower 
value of overload than the others. The general ar- 
rangement is shown in Fig. 11. 

The complete connections for one end only are given 
in Fig. 12. It should be noted that the glow tube is 
energized by all kinds of faults. Therefore, while the 
primary current at which the glow tube comes into 
operation will vary according to the nature of the fault, 
the glow tube will always regulate all the plate and other 
voltages at the appropriate values corresponding to the 
turns on the several windings. 


CONCLUSION 


This system will furnish protection substantially 
equivalent to that which may be obtained with a pilot 
wire system, provided that the lowest phase-fault 
current at which it is desired to operate, is not less than 
the normal rated current of the line. In the case of 
ground faults, it is possible to obtain operation at lower 
values than full-load current. 

In cases where it is required to take care of phase- 
fault, short-circuit currents, which are less than full 
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load, it is desirable to install additional filament relays 
to avoid continuous operation of the tubes during nor- 
mal load conditions. 


The apparatus may be operated from bushing trans- 
formers as well as from standard types of current 
transformers. 


Tests have been made on a 66-kv. line about 30 
mi. in length. The apparatus was excited from 
standard bushing transformers. Actual short circuits, 
both between phases and to ground, were applied to 
the line itself or at neighboring locations. The system 
performed satisfactorily with fault currents which 
ranged from 200 to 1700 amperes. 


Fig. 13 shows a front view of the equipment which 
was employed for these tests. The upper section of 
the panel carries all the carrier-current transmitter and 
recelver apparatus and instruments indicating the 
filament voltage of the tubes, the transmitter output 
current and the receiver relay current. The tuning 
adjustments can be seen in the photograph. 

On the middle section are the filament relays, trip 
relays and filament rheostats. 


Fie. 14—Carrier-CurrRENT AND RenAy Pannen, Rear Virw 
witH Cover RremMovep 


The receiver relay is mounted on the lower section 
which also carries the filament and test switches. 


The carrier apparatus may be seen more clearly in 
the rear view Fig. 14. This section is normally pro- 
tected by a cover. Back of the center section are 
mounted the plate transformer and the plate voltage 
regulating glow tubes of which two are shown in the 
illustration. 


Production and Application of Light 
Report of Committee on Production and Application of Light” 


To the Board of Directors: 

In accordance with requirements of the by-laws, there 
is submitted herewith a review of the development 
during the past year of the art of lighting with elec- 
tricity. This review constitutes the annual report of 
your Committee on Production and Application of 
Light. It has been prepared through the cooperation 
of members of the Committee. 

The personnel of this Committee has been chosen with 
a view to insuring comprehensive consideration of the 
subjects lying within the purview of the Committee. 
Its members concur in the view expressed by the Com- 
mittee to Review Technical Activities in a report dated 
June 26th, 1924, to the effect that this Committee 
should function in an “‘initiatory and determinative’ 
capacity in matters pertaining to the production of 
light and in a “‘joint or reportorial”’ capacity in matters 
pertaining to the application of light. Accordingly, 
the Committee endeavors to maintain close touch with 
developments in the production of light by electricity 
and looks to organizations more specifically concerned 
in the application of light for information as to develop- 
ments therein. 

PRODUCTION OF LIGHT 

No developments in the production of light from 
electricity which are new in principle or which constitute 
a radical improvement in the art have come to the 
Committee’s attention during the past year. Progress 
in the development of illuminants described in earlier 
reports is reviewed briefly in the following paragraphs. 

Incandescent Filament Lamps. In the following 
paragraphs there is presented a brief review of signifi- 
cant changes in manufacture and utilization of incan- 
descent electric lamps. 

The past year has witnessed the general introduction 
of incandescent lamps with bulbs frosted on the inner 
surface, announced in the report of this Committee 
last year. Eighty per cent of the demand for re- 
placeable types is now being supplied by lamps of the 
new type. 

Among tungsten filament incandescent lamps the 
gas-filled principle has been extended to lower wattages 
than heretofore employed in this type for general light- 
ing purposes in this country, though not to such small 
wattages as those in which it has been sometimes 
employed in Europe. In the 50-watt 115-volt size the 
principle has been applied to what appears to be the 
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minimum size for which its use is justifiable in the 
present state of the art. 

Limited ability to withstand rough usage and vibra- 
tion has always been a handicap of the tungsten 
filament lamp. Despite notable improvements by 
American lamp manufacturers, which have increased 
greatly the sturdiness of the filament, it remains true 
that after some hours of burning, the filament crystal- 
lizes and becomes less sturdy than the filament of a new 
lamp, and too fragile for some forms of service. 

In an effort to meet requirements for rough service 
(for example, in garages, where lamps are used on 
portable cords), manufacturers have recently developed 
a “rough service’ lamp. This lamp is available in 
the 50-watt, 115-volt range. It is of the vacuum type 
and has a bulb of the same size as the usual 25-watt 
lamp. 

Where continuous, high-frequency vibration is en- 
countered (as that due to high-speed machinery), 
the lamp manufacturers recommend, if small lamps 
must be used, the 50-watt coil filament vacuum lamp 
in the P-19 bulb. It is preferable, however, to use 
larger, more sturdy lamps, and if necessary, to employ 
vibration reducing devices. 

Two lamps for decorative service have been made 
available during the year in new forms of flame-shaped 
bulbs. One is of 15 watts with a candelabra screw 
base. A similar lamp had previously been supplied 
in a bulb having spiral fluting. The other is a 25- 
watt lamp with a medium screw base. These lamps are 
regularly supplied with a flame tint coating to add to 
the effect suggested by their flame shape. 

According to a recent report issued by the Lamp 
Committee of the National Electric Light Association, 
carbon lamps are being used to a surprisingly large 
extent in ordinary lighting service.. Because of their 
relatively low efficiency, the cost of producing light 
with these lamps usually is greatly in excess of that 
applying in the case of tungsten filament lamps. 

The trend of operating practise appears to favor 
115 and 120 volts. The demand for 110-volt lamps is 
steadily decreasing and is now only 12 per cent of the 
total in the 100-180-volt range; 115 volts accounts for 
48 per cent and 120 volts for 35 per cent, leaving only 
5 per cent for all other voltages in this range. The 
total number of lamps supplied from 200 to 260 volts is 
now but 8 per cent of the number supplied in the 115- 
volt range and this percentage is gradually diminishing. 
The concentration of lamp demand upon the fewest 
practicable number of voltages is desirable as a means 
of eliminating needless and expensive complications in 
manufacture and distribution. 

The 23- and 36-watt lamps for street railway head- 
light service are now made in the “A” shape bulb 
of clear glass. The change from the round bulb 
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(G-1814) in which they were formerly supplied, enables 
one standard light center length of 2 3/16 inches to 
replace 2 1/16 inches, 23/16 inches and 214 inches 
light center lengths in the old bulbs. This can be done 
because the shape of the A bulb permits a wider range 
of adjustment of lamp position in the headlight. 

A special lamp has been developed for use in traffic 
signals. It is a 60-watt gas-filled tungsten filament 
lamp in a clear bulb of the shape and size used for the 
regular 40-watt lamp in the inside-frosted line. The 
filament is semi-concentrated to permit of more accurate 
light control by the signal lenses. The lamp has a light 
center length of 2 7/16 inches. It is designed for burn- 
ing in either a horizontal or base down position. 

To premote simplification in the line of lamps for 
series burning, it has been recommended that street 
lighting circuits now operating at 4, 5.5 and 7.5 amperes 
be changed over to 6.6 amperes, for which there is by 
far the greatest demand. The progress of standardiza- 
tion in this respect is slow. 

There is still a demand for series burning lamps of 
600 and 800 lumens (approximately 48 and 55 watts 
respectively) which, it is generally believed, could be 
replaced advantageously with lamps of at least 1000 
lumens (approximately 65 watts). 

Series Lamps Unsatisfactory on Multiple Circuits. 
Some use has been made of series lamps operated with 
auto transformers from multiple circuits. Investiga- 
tion of this form of operation has shown that multiple 
lamps operated on multiple circuits are more economical 
and give more satisfactory performance than any of the 
series lamp auto transformer combinations. The series 
lamp is designed to burn at a constant current which 
means that the filament cross sectional area is very 
accurately determined while variations in manufacture 
are noted by changes in filament length. This manu- 
facturing variation is particularly noticeable when a 
series lamp is burned on a constant voltage circuit. 
Furthermore,, in the larger size series lamps, a large 
amount of filament material during the normal life 
of the lamp is evaporated and deposited on the bulb. 
This blackening causes a decrease in lamp candle power. 
When the series lamp is operated on a constant current 
circuit the decrease in filament area results in an increase 
of brightness which partially offsets the blackening of 
the bulb. A lamp burned at constant voltage however, 
suffers because of diminution of current as the lamp 
ages due to increased filament resistance. It is seen, 
therefore, that all the factors present in both multiple 
and series lamps which make for decrease in lamp 
output are combined when a series lamp is operated on 
a constant voltage circuit. 

The lamp manufacturers recommend that multiple 
lamps be burned on multiple circuits and that series 
lamps be burned only on series circuits. 

Luminous Arc Lamps. It is understood that there 
have been no material changes in the design of construc- 
tion of the luminous are lamp during the past year. 
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The modern lamp, with its shorter casings and larger 
globes, as constructed for service in Washington and 
elsewhere, represents the latest development in this 
type of lamp which, as shown elsewhere, is employed 
rather extensively in street lighting service. 


Ultra-Violet Radiation. Efficient production of ultra- 
violet radiation is accomplished by electric discharge 
through vapors, usually of a metallic nature. The 
conditions of use impose the further limitation that the 
source, particularly one of the arc type, be completely 
enclosed to prevent the egress of undesirable vapors 
in therapeutic work, or the ingress of inflammable 
vapors in chemical work. The mercury arc in quartz, 
being inherently an enclosed arc, is uniquely adapted 
to use as a source of ultra-violet radiation. Units 
of 450 and 900 watts capacity for operation on 110 and 
220 volts respectively have met with increasing use dur- 
ing the past five years. The former are used largely 
in therapeutic work for the direct irradiation of patients 
in the treatment of rickets, bone tuberculosis, skin 
diseases, superficial infections, etc., while the latter 
are used for water sterilization, the testing of materials, 
irradiation of foodstuffs to produce antirachitic proper- 
ties, the treating of leather, varnishes, etc. 

The use of rare gases as an aid in the starting of dis- 
charge has recently permitted the design of a practical 
induction lamp having unique properties when made of 
quartz. It permits greater control of the relative 
ultra-violet energy distribution than before was possible 
and it is especially well adapted to the solution of many 
of the mechanical problems limiting the usefulness 
in photochemical processes of the older mercury arcs. 

It is said to be possible to duplicate economically 
by means of these artificial ultra-violet sources practi- 
cally any photochemical effects now secured through 
exposures to direct sunlight. This is important for 
sunlight, though inexpensive, is offset by the fact that 
it is of value only during the middle five hours of the 
day, if available at all. 

As an example of a highly developed ultra-violet 
application, mention may be made of a recently 
designed apparatus in which, by means of a quartz 
mercury are and filters, tests may be made of the light 
fastness of dyed textiles, inked papers or painted woods 
in a much shorter time than ever has been possible by 
sunlight and with a quality of fading action directly 
comparable with that of sunlight. 


APPLICATION OF LIGHT 


In contrast with the relatively meager developments 
in the production of light, the past year witnessed a 
wealth of development in the application of light. 
Artificial light is now available at such a low cost that 
improvement in its utilization can be undertaken with 
greater freedom. In consequence the lighting art is 
advancing rapidly. 

Residence Lighting Equipment. The past year has 
seen an expanding interest on the part of central station 
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Interest in this proje et is evidenced by the prepara- 
beginning in the autumn of 1925, of tentative 
specifications for residence luminaires, prepared under 
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the supervision of a committee of the Association of . 


Edison Uluminating Companies, with which the 
Ulaminating Engineering Society has cooperated. 
These specifications promote consideration of a lumi- 
naire from three principal standpoints: 

1. Thaminating qualities 

2. Mechanical and electrical construction 

3S. Aesthetic values 

The application of these specifications results in a 
final figure of percentage which represents the over-all 
quality rating for each luminaire considered. Part of 
the determination of necessity must be arrived at by 
personal judgment and part by laboratory measure- 
ments. Very consistent results have been obtained 
by using averages of the personal judgments of several 
competent persons. An interesting by-product of 
this activity is the preduction of a practicable glare- 
gaging device, in the form used in the measurement of 
glare in residence luminaires. 

The Home Lighting Committee of the National Elec- 
tric Light Association has already prepared outlines of 
typical plans for such re-fixturing campaigns. Other 
information and material is being prepared and will be 
disseminated by that Committee throughout the year. 
The month of October has been chosen as the period of 
specialized activity in promoting improved residence 
lighting. 

There is a noticeable trend in manufacturers’ lines 
toward luminaires embodying provisions for the shading 
of lamps, although the development is far too slow to be 
considered as satisfactory. Several inexpensive de- 
Viees are on the market to enable the use of shades on 
modern types of ; 
Lighting. The attitude of the electrical 
toward street lighting seems to be undergoing 
alteration. Street lighting is coming to 
a phase of utility operation which is 

apable of becoming remunerative both to the com- 
munity and to the utility. Accordingly, both the 
engineering and commercial aspects of street lighting 
are being given more intensive and forward-looking 
consideration than in the past. Itis coming to be recog- 
that through comprehensive planning, coupled 
for city improvements and growth, 
may be had through standardization, re- 
distribution and 
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It is generally recognized that street lighting deserves 
the accurate methods of the engineer since nationally 
we are confronted with the need for many extensive 


improvements. There is dawning a new era in street 
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lighting, trailing the new era in vehicular traffic. 
Street lighting systems for the main streets of large 
cities, and scme already in use, have been designed to 
deliver 50,000 to 150,000 lumens (2- to 6-kw. demand) 
per standard instead of 10,000 to 15,000 lumens 
(0.5- to 0.75-kw. demand) which was_ considered 
adequate in the past. 

Progress has been made in the manufacture of 
equipment for remote control over existing commercial 
networks to widely scattered relays actuating switches 
to supply the street lights from existing distribution 
systems. Several new remote control switches, both 
solenoid and motor operated, have been developed to be 
controlled from a pilot wire. 

These new equipments are suitable to supply the 
power for either series or multiple lamps and may be 
selectively arranged to disconnect alternate units during 
the late hours of the night when there is little traffic. 
These various control equipments are receiving more 
attention with the trend toward increased load density. 

There has been considerable activity in the further 
development of enclosing glassware for street lamps. 
The tendency seems to be in the direction of a com- 
promise between directional control and diffusion, the 
one intended to place the light where it is wanted, and 
the other to avoid excessive glare. 

In overhead lighting equipments the trend is defi- 
nitely toward the use of dust-proof units, to obtain a 
higher average efficiency between cleaning periods by 
avoiding the absorption of light otherwise due to the 
collection of dirt on the lamp bulb, and on enclosing 
accessories. 

The Illuminating Engineering Society’s Committee 
on Street Lighting is making progress in developing a 
method of appraising the qualities of street lighting to 
determine the relative illuminating merits of various 
street lighting installations. 

The Street and Highway Lighting Committee, 
National Electric Light Association, has outlined a 
three-year program to cover thoroughly the sales and 
financing aspects of street lighting systems. It pur- 
poses issuing a manual on street lighting. 

The lighting of interurban highways is slowly pro- 
gressing with promise of greatly accelerated growth in 
the near future. Rural electrification is an interlinking 
factor, and nation-wide legislation providing enabling 
acts is the primary desideratum. There are many 
indications that as legal obstructions are removed, 
large growth in highway lighting will follow. The 
problem in its present status is one of legislation rather 
than of engineering. However, more engineering analy- 
sis and evaluation of the social economic aspects of 
highway lighting will hasten the required legislation. 

Table I presents a partial list of intensive street 
lighting systems in the United States as of March Ist, 
1927. Additional intensive installations are being made 
or are planned in several other cities. From this list 
it is evident that existing high intensity installations 
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are divided between luminous are and tungsten lamps, 
although present indications point to a trend toward 
tungsten installations in the immediate future. 


PARTIAL LIST OF INTENSIVE STREET LIGHTING SYSTEMS. 
AS OF MARCH, 1927 


Lumens per linear 
foot of street* 


CINCAL OMS UALO SULCOUm mcues tiles oho t se tee ne 2000 2-lamp tungsten 


2 

Seattle, Metropolitan Avenue................ 1050 Doe je ss 
Jersey City, N. J— Journal Square Plaza..... 857 1 os ae 
Salt Lake City, Business Section............. 822 See are 
Niacara Ralis! Malls Streetass «as sieve. ose 761 Dh x t 

San Francisco, Market Street................ 750 Sue as: - 
Schenectady, Erie Boulevard................ 700 2 “ a 
Portland, Oregon—Business District.......... 600 2 “ tungsten 
Columbus, Ohio—Business District........... 600 2 a ce 
Sehenectady, State. Street. ... cee cc es 585 Be “7are 

Los Angeles—Several streets................ 375 to 510 2 “ tungsten 
Indianapolis, Business Section............... 520 2 ss 

HF OSPAMSELESs LOA Was Geiss tenia cote i Gen 510 2 See ne 

San Francisco, Triangle District..............- 500 QB vit 

MINE ASO, PBUSINESSaSCCUION ..0) «aides eS as ercan's 500 Dey se § 
Cleveland, Superior Avenue.................; 500 1 “tungsten 
Rochester, N. Y.—East Main and East Ave... 472 2 ACG, 
Lynn, Mass.—Central Avenue.............-: ASOU 2 eee 
Augusta, Ga—Broad Street... 6. ne ees 450 2 “tungsten 
Davenport, Iowa—Business Section.......... 450 2 s 

Sy LACUS. BUSINESS-SECUOM:, 2 neier soeusus op ose,sueees 425 FF EEN RO 
Boston—Several business streets............. 400 1 oe ci 
Boston—Massachusetts Avenue.............. 400 1 “tungsten 
Lansing, Michigan—Business Section......... 400 2 ss 
Lawrence, Mass., Essex Street............... 400 ha ate es 
Chicago, South-State Street......0..0...0s9 65 400 1 . . 
Gary, Indiana—Business District............ 381 Dee cs 
Lynn, Mass.—Business District.............. 351 1 SeraAnG 
Racine, Wisconsin—Business District......... 350 1 “ tungsten 
Chattanooga Tenn.—Business District....... 340 1 Gs Ss, 
Cleveland—Business District... ..2..:...3 BYs1s) ih on ef 

WV ONCESGCT MIVIL GST, cested alle Meeuctaassarale: ons tits ear 325 1 are 
Wiiica— “Business DIstricha xin saci ee es eases 304 1 o 4 
SALAvOSa. -EevOACL WA. trae vc poeeate eee caus sweet ares 300 2 “tungsten 
AE Oy OER Samir te On ops eeepc nt-g foe oP ea Bos 300 1 a) Fare 
Nashua, N. H.—Business Section............ 300 1 4 ve 
Providence, R. I.—Business Section.......... 300 1 oe GS 


*As an index of grade of lighting “lumens per linear foot’’ is evidently 
inexact. No better basis of terse statement is, however. available for 
these installations. 


Signal Lights for Traffic Control. The need of 
standardization of electric traffic signals is apparent. 
In some cities one may make a right or left turn on a 
red signal while in others such a movement is prohibited. 
There seems to be a divergence of opinion as to whether 
there should be three colors or two. A committee 
appointed by the governor of an eastern state has re- 
cently gone on record as approving a two-color system, 
while a similar committee in a neighboring state has 
also gone definitely on record as favoring a three-color 
system. Tourists traversing these two states are likely 
to encounter trouble. 

There also seems to be a wide difference of opinion as 
to the proper location of signals. Some city officials 
prefer the pedestal type mounted in the roadway; 
others prefer the bracket type of suspension from 
messenger wire across the street. It is not unusual to 
hear of controversies between officials of the State 
Highway Department and of municipalities as to the 
type of signal. Most of the State Highway Depart- 
ments will not permit the use of pedestal type signals 
on the roadway owing to the fact that if they fail to 
light they become a hazard. 
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The lack of standardization in the use of the colored 
lights in connection with the control of traffic has made 
it difficult for the police to enforce the regulations. Itis 
needless to dwell further upon the chaotic conditions 
which exist at the present time. The traffic problem 
requires the cooperation of the architect, civil engineer, 
police officials, electrical engineer, illuminating engineer, 
transportation engineer, etc., in order that all the 
various phases of the problem may receive due con- 
sideration. All of these are concerning themselves with 
it, but often independently and without coordination. 

In a recent number of the Architectural Forum there 
is an article by a nationally known architect which deals 
with the relation of the height of buildings and the 
density of pedestrian traffic upon the streets. 

Out of this maelstrom of independent act-vity comes 
the announcement of the organization of a committee 
of the American Engineering Council, under the chair- 
manship of Dean Dexter S. Kimball, of Cornell Uni- 
versity, which shall study the problem and prepare a 
standard code, so that when the automobilists from New 
York are driving in San Francisco, or vice versa, the 
signals will carry the same message. Such standardiza- 
tion now exists in the railroad industry where red to 
the railroad man means only one thing—danger. 
Yet the general public has been educated to regard the 
use of red light in a building as a safety exit in case of 
fire, or, on a street, a safety aisle. In navigation the 
use of red for port and green for starboard is standard 
the world over. Possibly after the standardized code 
for the control of traffic is available, action can be taken 
to replace the red lights in the interior of buildings as 
an indication of safe exits in case of fire. 

Automobile Headlighting. The art of automobile 
headlighting is receiving a great deal more attention 
than many people, perhaps, know. While it cannot be 
said that any great developments have been recently 
consummated, it is still a fact that efforts by many 
agencies, along different lines, but all directed toward 
the same object, have considerably advanced the general 
knowledge of the subject and have brought an ultimate 
satisfactory situation just so much closer. Among 
such activities now in progress, are: recognition of the 
Uniform Vehicle Code, enforcement of headlight laws, 
activities productive of a better understanding of the 
nature and prevention of glare, the relation of automo- 
bile headlighting to street lighting, mechanical require- 
ments for headlights, and recognition of the shortcom- 
ings of present equipment. 

The most notable development in automobile lighting 
practise during the past year has been the very general 
adoption by manufacturers of the better grades of cars, 
of a changeable beam headlighting system. This has 
been approved by all the states as legal. A brief 
review of the history of this development may not be 
out of place here. 

A number of years ago, the Illuminating Engineering 
Society and the Society of Automotive Engineers, 
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working together, endeavored to improve the unsatis- 
factory condition of automobile headlighting by 
adopting a set of minimum and maximum limits cover- 
ing a light distribution that would yield a maximum 
of good driving light and a minimum of objectionable 
glare. These limits were based on permanent and 
fixed adjustment and pointing of the headlights. In 
the nature of things, these limits were a compromise, 
but were so well worked out as to produce a marked 
improvement in road driving conditions after dark. 

Since these limits were-adopted, however, there has 
been a considerable change in many of the elements of 
the problem. Theaverage height of the eyes of drivers 
above the road surface is considerably less than it was 
five years ago, due to the constant lowering of cars. 
Vehicle springs are now being made softer than they 
used to be. Cars therefore pitch through greater angles 
due to road inequalities. Furthermore, because the 
passenger load comes very largely on the rear springs, 
there is a big change in car angle under varying con- 
ditions of load. Having these changed conditions in 
mind, committees of the Society of Automotive Engi- 
neers and of the Illuminating Engineering Society 
jointly undertook to devise specifications covering the 
use of an alternative distribution of the headlight beam 
for use in passing another car. The driver is then 
expected to change from one type of distribution to the 
other as conditions demand. Experience has shown 
that drivers can be trusted to do this if they are pro- 
vided with a reasonably good passing light. 

By the use of the alternative system of distribution 
of the beam, two things are accomplished: first, a great 
amelioration of the glare dfficulty is obtained by the 
use of the changed beam, and second, since the beam 
can be removed from other drivers’ eyes, the adjust- 
ment of the headlamps may be such that the top of the 
beam is higher than with the fixed beam equipment, 
thus providing a better driving light where the absence 
of oncoming cars renders it practicable to keep the 
beam in its normal position. 

At the present time, a joint committee, composed of 
members of the two societies, is conducting research to 
determine the proper limits to govern the new types of 
light distribution. Without waiting for the final 
results of this committee’s work, many motor car 
companies are adopting systems in which the regular 
driving beam is lowered through an angle of two or three 
degrees in passing another car. A number of simple 
and economical ways are now available for accom- 
plishing this result and the public approval of the 
change has been very marked 

The old system of reducing the candle power by 
dimming is condemned by everyone and it is hoped that 
it will become obsolete in the near future. 

Inghting of Exteriors. The advantages of flood 
lighting have been amply demonstrated, not only by 
the number of large installations during the past year, 
but by the diversified character of the installations. 
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Illumination intensities have in general been higher, 
and larger numbers of projectors have been used on 
individual installations than have ever been used before. 

Two state capitols, those of New Jersey and Texas, 
were added to the list of half a dozen or more that have 
been flood-lighted previously. Two large office build- 
ings in Detroit were lighted; in one case over three 
hundred and the other over one hundred projectors 
were used. In Brooklyn over one hundred projectors 
were used on an office building, and in New York nearly 
five hundred projectors are employed to light the upper 
portion of a new theater. Kansas City has lighted its 
huge war memorial by means of searchlights; steam 
emerging from the top is illuminated by colored light 
from projectors concealed in the top. 

Great interest is developing in lighting recreational 
areas. In order that children may be kept from the 
streets, school and public playgrounds have been 
lighted. Colleges in increasing numbers are lighting 
their stadiums for night football. Considerable impetus 
was given this movement by the success of the lighting 
of the stadium at the Philadelphia Sesqui-Centennial 
grounds. 

Electric Signs for Daylight Use. Electric lighting 
display, having been highly developed in this country 
for night use, is being extended into the daylight hours. 

Tubes of neon and other gases or vapors offering 
striking color contrast with daylight are entering into 
service in some sections of the country quite extensively. 
This follows a like development in Europe. 

The diameter of the neon tubes which are ordinarily 
employed for signs varies from 7 to 32 millimeters 
(usually 11 to 15 millimeters). The characteristic 
orange-red color of neon predominates in displays 
erected to date but other colors are to be seen. These 
are derived from the admixture of helium, argon, ete. 
The characteristic radiation of mercury vapor is like- 
wise to be seen in some signs. 

The tubes vary in length from 10 to 40 feet. Starting 
voltages are approximately 200 volts per foot of the tube; 
alternating current 25 to 60 cycles is employed, rotary 
converters being used where the supply is direct current. 

For typical tubes of 20-foot length and 15-millimeter 
diameter, the manufacturers state that the consump- 
tion is about 200 watts. This increases rapidly if the 
diameter of the tube is increased. The power factor of 
such a sign is stated to be approximately 50 per cent. 

The usual filament-lamp electric signs are being 
adapted in some cases to daytime use. For this 
purpose an area of brightness is built up optically so 
that the entire surface of a letter is given the brightness 
of the filament itself when viewed from certain 
directions. 

In obtaining a large area brightness, the light has been 
concentrated into a relatively narrow angle; hence, 
within this angle only is its effectiveness at a maximum. 
Such a sign is of greatest value when the traffic is massed 
within a relatively narrow viewing angle, and where 
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people approach the sign nearly ‘“‘head on” fora consider- 
able distance. There are many such locations—atop 
the marquise projecting over the sidewalk; at a dead- 
end street; on a highway curve;—where the new type of 
sign may be effective. 

Illuminated Bulletin Boards. The use of illuminated 
poster and bulletin boards is rapidly increasing and it is 
noted that more consideration is being given architec- 
tural features as well as the use of novel lighting, and 
mechanical effects. 

The appearance of animation or action is sometimes 
accomplished through color by the absorption method. 
The advertisement is painted on the bulletin board with 
carefully selected oil colors. There are two lighting 
equipments, one for example, for red lighting and the 
other for blue-green lighting. Supply circuits are 
controlled by a two-circuit flasher so that by the alter- 
nate flashing of the red and blue-green lights, the fading 
out of certain words or images on the bulletin is ac- 
complished. For example, the red light will apparently 
“absorb” the red painted images or words on the sign 
leaving visible only the darker colors which do not con- 
tain red. Equivalent effects are had with the 
blue-green. 

A rather interesting mechanical bulletin board has 
made its appearance in the Middle West. The face 
of this board consists of a series of equilateral triangular 
members each of which operates on an axis so that the 
entire face of the sign revolves simultaneously. In 
this manner three separate advertisements can he 
painted on the respective faces of the triangles. An 
electric motor operates the mechanism so that the sign 
may be changed four times a minute. These displays 
are illuminated for night operation. 

A rather effective plan has been worked out whereby 
the use of a modern show-window is combined with a 
billboard. The show-window is built flush with the face 
of the bulletin. The bulletin bears the usual advertis- 
ing, while behind the plate glass of the show-window is 
arranged a display of merchandise. The face of the 
bulletin is lighted by means of angle reflectors in the 
usual method and the interior of the show-window is 
illuminated with show-window reflectors. 

It is interesting to note that the electrical advertising 
industry has taken action to improve the appearance of 
bulletin boards and also to restrain members of their 
industry from installing posters and bulletin boards in 
places where they impair the beauty of the scenery. 
The unrestrained activity on the part of various poster 
advertising companies in locating their stands in places 
where they detract from the natural beauty of the land- 
scape has caused very unfavorable public comment 
and it is logical that the industry should take action 
to remove the cause of the criticism. 

Lighting for Aviation. The rapid advance of aviation, 
especially in the United States Air Mail Service, has 
given rise to demand for lighted air-ways. It is re- 
ported that 3700 miles of transcontinental route are 
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now lighted and appropriations have been passed for 
lighting the following routes for 1927: 

New York to Boston 

St. Louis to Chicago 

Dallas to Chicago 

Salt Lake City to Los Angeles 

Pasco to Elko 

Chicago to Twin Cities 

Cheyenne to Pueblo 

Under the auspices of the Department of Commerce 
there has been developed a lighting system, employing 
usually 24-inch revolving beacons, equipped with 900 
or 1000-watt tungsten lamps located at average in- 
tervals of ten miles along the air routes. Intermediate 
landing fields are located every 25 miles along the routes, 
each equipped with a beacon and 20 boundary lights. 
A green approach light and red lights on top of obstruc- 
tions near the fields are used. 

A typical airport has approximately 30 kw. of light- 
ing load, involving from $5000 to $12,000 worth of 


lighting equipment. It comprehends: 
1. Revolving beacon to guide the aviator to the air- 
port. 


2. Boundary lights (60-c. p. series) all around the field 
to show the limitation of the boundary area. 

3. Red lamps on all obstructions near the field, such 
as radio towers, telegraph poles, etc. 

4. An illuminated wind indicator to show the strength 
and direction of the wind. 

5. A ceiling light (1000-watt, 18-inch searchlight to 
show the height of the bottom of the clouds. 

6. Flood lights on the roofs and sides of the hangars 
(200-watt lamps). 

7. A high-intensity are searchlight, or a couple - of 
10-kw. tungsten lamps to floodlight the landing field 
itself. 

There are already nineteen lighted fields in the 
United States and forty others from which regular 
flying is being done on such schedules that lighting is 
required. Many cities are alive to the coming air 
commerce, and are appropriating funds to prepare 
lighted ports. It isa movement which is spreading very 
fast. Estimates indicate that by the end of next year 
there will be 2000 lighted fields in the country. 

In 1926 the Post Office Department used on their 
fields in the Air Mail Service, 3710, 900- and 1000-watt 
lamps; 1920 200-watt lamps and 1440 600-lumen series 
lamps. The 1927 plans are for over three times as 
much air mail service as in 1926, with a corresponding 
increase in lighting. 

Subterranean Lighting. The new vehicular tunnel 
from New York to Jersey City offers the outstanding 
installation of this class of electric lighting. It will 
probably be the most. heavily traveled long tunnel in 
the world. . 

Although the main travel will be in one direction in 
each of the two tubes, the use of unidirectional lighting 
was impracticable because of the possibility of only one 
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tube being used for travel in both directions when repairs 
are being made. The lighting is accomplished by in- 
candescent lamps behind windows set at the joints 
between the side walls and ceiling, and arranged so that 
the units on one side illuminate the opposite half of the 
tunnel, and avoid glare in the eyes of drivers. About 
two foot-candles are provided, with an overlapping 
distribution to minimize shadows from high vehicles. 

At each end additional light is provided for daytime 
use, to lessen the contrast with daylight. 

Railway Lighting. Developments in lighting in the 
steam railroad field during the past year or so have 
largely kept pace with the general development in other 
fields of lighting. Asa whole, railroads are appreciating 
the benefits of higher intensities of illumination, 
particularly in shops and offices where artificial illumi- 
nation may be required a large percentage of the time, 
with the consequence that the average levels of illumina- 
tion intensities for interior lighting throughout the rail- 
road field are being considerably raised. 

Considerable attention is being given to providing 
better illumination in passenger carrying cars. In the 
matter of intensities the best practise of today repre- 
sents from 75 to 100 per cent higher average illumination 
intensities than the practises of eight or ten years ago. 
This has been made possible by the improvements in 
the efficiencies of train lighting lamps and the successful 
development of lamps of higher wattages, also the 
development of economical car lighting axle generator 
equipment and batteries of larger capacity. 

The past year has seen very rapid growth in the 
general interest in the subject of flood lighting as 
applied to railroad yards, as well as the application of 
this system at a rapidly increasing rate. The proper 
and economical lighting of large railroad yards presents 
many problems, in which connection, until recently 
there has been available but comparatively little en- 
gineering data that would aid in laying out such lighting 
systems. There is also still considerable difference of 
opinion among railway engineers as to the system of 
flood lighting that will produce the most effective 
results. This subject is being actively studied by the 
Committee on Illumination of the Association of Rail- 
way Electrical Engineers and it is expected that by 
another year illuminating engineering practise in the 
application of flood lighting in this field will gradually 
crystallize along definite lines of procedure. 

In view of the number of lighting problems that are 
more or less peculiar to the lighting field the Association 
of Railway Electrical Engineers has also prepared, with 
the assistance of the illuminating engineering staffs 
of the incandescent lamp manufacturers a ‘Manual 
of Lighting Practises for Railroads’”’ which serves as a 
general code of lighting practise as applying to this 
field. 

Illumination of Outdoor Substations. The illumina- 
tion of outdoor substations is primarily intended to 
facilitate operation, but it has been found, in many 
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cases, to have an advertising value aswell. Oneinstalla- 
tion recently described in the technical press emphasized 
the advertising value by employing a hot galvanized 
finish on all structural steel and two coats of aluminum 
paint on transformer cases, switch housings and other 
exposed metal surfaces. 

Lighted Ornaments. Artificial light has been em- 
ployed thus far primarily for utilitarian purposes. Only 
occasionally, and to a very slight extent, has it been 
employed in residences for the illumination of orna- 
ments. Evidently the potentialities of such employ- 
ment of artificial light are very great. There are some 
indications that these potentialities are beginning to be 
realized, and in the not very distant future the employ- 
ment of lighted objects of decoration solely for the 
purpose of ornament may assume considerable pro- 
portions. 

RELATED TOPICS 


Photometry. Progress in photometry during the past 
year has been principally in the application and use of 
the photoelectric cell in conjunction with suitable 
light filters. At the present time photoelectric photom- 
eters are largely used for routine measurements of 
incandescent lamps; this includes street series lamps, 
miniature lamps, colored bulb lamps, etc. The photo- 
electric cell equipment has also been adapted to dis- 
tribution photometers, the spectro-photometer and 
color temperature determinations. 

The extreme sensitivity of the photoelectric cell 
equipment has permitted the establishment of light 
values to a much higher degree of accuracy than obtains 
with visual methods. 

Effect of Illumination on Industrial Production. The 
Committee on Industrial Lighting of the Division of 
Engineering Research of the National Research Council 
has completed a three year study of the effect of illumi- 
nation upon industrial conditions. A report covering 
this investigation will be published in the near future 
and will contain many points of interest to illuminating 
engineers and factory managers alike. 

Inghting Service Manual. A manual for Lighting 
Service Departments, under preparation by a com- 
mittee of the National Electric Light Association, is 
approaching completion. Part 1, which deals with the 
lighting field, organization activities, etc., has been 
finished. It will provide an excellent guide for central 
station lighting activities. 

Schools of Lighting. Evidence of the increasing 
interest in illumination is shown by the demand for 
local lighting schools. These have become more 
numerous during the past year. As a rule they are 
promoted by individual central stations for the benefit 
of their employees engaged in lighting. In several 
instances they have included local electrical contractors 
and dealers and when this has been the case, the schools 
have been held under the auspices of a local electrical 
league or some similar body. The instruction in 
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these schools has been conducted mainly by the in- 
candescent lamp manufacturers. 


Illumination Items in the Journal. In view of the 
fact that lighting programs are included in Institute 
meetings only occasionally, this Committee has found 
it expedient to endeavor to keep Institute members 
advised of lighting developments through the medium 
of brief articles which appeared from time to time in the 
columns of the JOURNAL. List of titles of articles which 
have appeared during the past year is as follows: 


A Daylight Electric Sign. 

Lighting Totaling 25,000,000 Candle Power Burned 
Nightly in Broadway Signs. 

Europe Organizes Its Lighting Activities. 

Inside Frosted Lamps. 

Trend of Electric Lighting. 

Must the Traveler Read Slowly? 

Practical Color Photometry. 

Industrial Lighting Activity of N. E. L. A. 

Meet the Well Lighted Car. 
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European Lighting Progress Discussed at Rome. 

Illuminating Engineering in Germany. 

Home Lighting Contest in France. 

British Lighting Contest begins with a Burst of 
Enthusiasm. 

A Recent Lighting Demonstration in Holland. 

Incandescent Lamp Ratings in France. 

Artificial Lighting in Foundries. 

British Investigate Light and Industrial Efficiency. 

Carbon Lamps. 

CONCLUSION 

The Committee on Production and Application of 
Light, notes with satisfaction advances which are being 
made in the application of electricity in the field of 
illumination, and is gratified to observe a tendency of 
the related industries to organize for more effective 
achievement along these lines. The potentialities in 
this field the Committee believes to be great, both in 
prospective engineering achievement and in _ benefit 


For vhe public. P. S. MILLAR, Chairman. 


Klectrophysics 
Annual Report of the Electrophysics Committee* 


To the Board of Directors: 


The general views of the chairman of the committee 
will be found in the editorial entitled Relationship 
between Physics and Electrical Engineering, in the 
JOURNAL for February, 1927. This editorial may be 
considered as part of this report. During the year, 
some of the members of the committee volunteered 
to watch new developments in the following topics: 


. Ferro-magnetism, theory of mapping of fields, short- 


time phenomena, high-voltage research, insulation 
and dielectrics (solid, liquid, and gaseous), arcs and 
discharges, short-wave propagation, atomic physics, 
spectroscopy, quantum theory, and surges. This 
list will give an idea of the scope of interest in electro- 
physics. Several manuscripts submitted to the Insti- 
tute were read and passed upon by the committee. 

The committee has felt that a constant influx of new 
ideas from the field of pure physics to Institute member- 
ship should be carefully maintained, in order that the 
profession might promptly take advantage of new 
discoveries, methods of measurement, and theories. 
As a partial realization of this endeavor, the committee 
desires to report as follows: 

*Committee on Klectrophysics: 


V. Karapetoff, Chairman 

Carl Kinsley, Secretary 

Oliver E. Buckley, 

V. Bush. 

J. F. H. Douglas, 

Charles Fortescue, 

Car] Kinsley J. B. Whitehead. 
Presented at the Summer Convention of the A. I. E. E., 


Detroit, Mich., June 20-24, 1927. 


Chester W. Rice, 
J. Slepian, 

Harold B. Smith, 
Irving B. Smith, 


W. B. Kouwenhoven, 
kK. B. McEachron, 
R. A. Millikan, 

J. H. Morecroft, 


1. It has obtained permission from your Board§to 
invite two members of the American Physical Society 
to sit with the committee. It is hoped that this 
arrangement will actually go into effect after August 
first. : 

2. It has obtained permission from the editor of 
Physical Review to publish in our JOURNAL abridgments 
of any papers appearing in the Review, with the usual 
credit. This will make it possible to note important 
articles immediately after their publication. 

3. It has arranged with Professor K. T. Compton of 
Princeton University to write a paper on The Nature of 
the Electric Arc for presentation at this convention. 
It is hoped that another prominent physicist may be 
secured to address our next Winter Convention and that 
such addresses may become a regular practise in the 
future, at least at Winter Conventions. 


PAPERS PRESENTED 

The following papers and articles, which appeared in 
the JOURNAL during the period covered by this report, 
will give an idea of the range of topics in electrophysics 
covered. While not all of these papers were presented 
under the auspices of the Electrophysics Committee, 
they all lie within the scope of the committee’s interests. 
The pages refer to the JOURNAL. 


1926 


Temperature of a Contact and Related Current-Inter- 
ruption Problems, J. Slepian, October, p. 930. 

Measurement of Transients by the Lichtenberg Figures, 
K. B. MeEachron, October, p. 934. 
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The Space Charge That Surrounds a Conductor in 
Corona at 60 Cycles, J. S. Carroll and H. J. Ryan, 
November, p. 1136. 

Coolidge’s Cathode Ray Tube, November, p. 1148. 

Vacuum Switching Experiments, R. W. Sorensen and 
H. E. Mendenhall, December, p. 1203. 


1927 


Frequency Measurements with Cathode Ray Oscillo- 
graph, F. J. Rasmussen, January, p. 3. 

Maxwell’s Theory of Layer Dvelectrics, 
Murnaghan, February, p. 1382. 

A New Electronic Rectifier, L. O. Grondahl and E. H. 
Geigher, March, p. 215. 

Space Charge and Current in Alternating Corona, 
C.H. Willis, March, p. 272. 

Oil Breakdown at Large Spacings, D. F. Miner, 
April, p. 336. . 

Graphical Determination of Magnetic Fields, A. R. 
Stevenson, Jr., and R. H. Park, Winter Convention. 
E. E. Johnson and C. H. Green, June, p. 583. 


ELECTRICAL DISCHARGES IN GASES 


Disruptive Discharges. Using a development of 
Townsend’s theory of ionization by collision, it has been 
proved possible to design electrode shapes of high- 
voltage spark-gaps so as to obtain minimum electrode 
size. “‘No time-lag’’ electrodes so designed are much 
smaller than corresponding “no time-lag’’ spheres, 
(Rogowski and Rengier, Archi. f. Elektrotech.). A 
study of time lag of spark-over of gaps has shown that 
in many cases the duration of the lag is a matter 
of chance and must be dealt with statistically, 
‘((McEachron, A. I. E. E. JOURNAL; Braunbek, 
Zeitsch. f. Physik). The influence of the state of 
electrode surfaces on time lag has been confirmed, 
(Burawoy, Archi. f. Hlektrotech.). The Townsend 
theory of ionization by collision seems to be inadequate 
for explaining the shortness of the time lag, (Rogowski, 
Archiv. f. Elektrotech.). Progress has been made in the 
theory of lightning, (Simpson, Proc. Roy. Soc.; Dorsey, 
Frank. Inst. Jl.); experimental work has been done 
aiming to discover the manner of striking of lightning, 
(Peek, Frank. Inst. Jl.). 

Corona. Progress is being made toward a rational 
theory of corona, and the influence of space charge in 
the discharge is being taken into account, (Carrol and 
Ryan, J]., A. I. E. E.). 

Arcs. An improved equation for the volt—ampere 
characteristic of an arc, with one constant of the equa- 
tion directly related to the boiling point of the anode, 
has been developed, (Nottingham, Phys. Rev.). Ex- 
perimental and theoretical evidence has been produced 
for the existence of cold cathode arcs, (Newman, 
Phil. Mag.; Slepian, Phys. Rev., Frank. Inst. Jl1.). 

Miscellaneous. Important formulas have been 
theoretically derived and experimentally confirmed for 
the properties of electrodes immersed in gaseous elec- 
trical discharges, (Langmuir and Mott-Smith, Phys. 
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Rev.). Cathode rays due to very high voltages have 
been brought outside the vacuum tube, and have 
produced strange phenomena, (Coolidge, Frank. 
Inst, Jl 


SHORT-TIME PHENOMENA 


Much progress has been made in developing instru- 
ments for the determination of the characteristics of 
short-time electrical phenomena. Through the use 
of the modern cathode ray oscillograph of the Dufour 
type, it is now possible to determine the relationship 
between time, voltage, and current for any device 
operating under transient conditions, such as a lightning 
arrester. 

Heretofore, it has only been possible to calculate 
wave fronts, and such calculations were of course 
limited to the assumptions made and frequently gave 
results considerably in error because of the presence 
of unsuspected oscillations. The cathode ray oscillo- 
graph has been used successfully for transients whose 
crest voltage was attained in one ten-millionth of a sec. 

The propagation of waves over circuits and effects of 
reflection points, the breakdown of insulation, and other 
similar problems, are being actively studied with the 
help of this oscillograph. It is also being used to study 
the effects of lightning on transmission circuits, and 
gives for the first time an opportunity for the deter- 
mination of the character and form of transients due to 
lightning. 

For the purpose of making field studies of transients 
and transmission lines, surge recorders based on 
Lichtenberg figures have become of very great im- 
portance. The magnitude, polarity, and frequency of 
occurence of disturbances have been determined for 
many systems. These data have added greatly to our 
knowledge of phenomena for which there were only few 
quantitative data in the past. The measurements 
cover a very wide range of voltage, having been made 
on practically all ratings, from telephone circuits to 
220-kv. transmission systems. 

The surge recorder is also very useful in the laboratory 
as a device for measuring the potential of transients, 
without drawing appreciable energy from the test 
circuit. Many investigators, both here and abroad, 
are now studying the phenomena of lightning with 
renewed interest, and considerable benefit is certain 
to come from these studies. 


FERROMAGNETISM 


During the past year notable advances have been 
made in our understanding of ferromagnetism, principal 
among which may be noted: 

1. Studies of single crystals of iron and of nickel 
have shown remarkable magnetic properties different 
from those obtained in multi-crystalline materials. 
The principal contributors in this field have been 
Honda, Webster, Gerlach, and Sucksmith. 

2. Studies of magnetostriction in permalloy by 
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McKeehan have indicated that this phenomenon plays 
a much more important role in ferromagnetism than 
had previously been appreciated, and that hysteresis is 
very definitely related to magnetostriction. Work 
by Wedensky and Simanow and by S. R. Williams 
confirms the existence of such a relation. 


3. Studies have been made on the magnetic proper- 
ties of iron and magnetite at radio frequencies by Wait. 
His results throw doubt on the results previously 
reported by Arkadiew and his collaborators. 


4. Studies of the specific heat of ferromagnetic 
metals by Sucksmith and of the closely related magneto- 
caloric effect by Weiss throw some light on the relations 
between thermal and magnetic energy. 


A very notable contribution to the literature of 
ferromagnetism which is of particular interest to 
electrical engineers is Thomas Spooner’s book on the 
properties and testing of magnetic materials. 


HIGH-VOLTAGE RESEARCH 


In the realm of high-voltage research, steady progress 
has been made. Corona has been studied up to 
potentials of 1,000,000 volts. Spark-gap measurements 
have been extended to 2,000,000 volts. The past year 
saw the first 220-kv. transmission system in the East 
put into operation (in Pennsylvania). 

The use of the ground wire seems to find increasing 
favor as a means of decreasing the number of serious 
impulses occurring on transmission systems during 
lightning storms. Laboratory tests have shown quan- 
titatively the benefits to be derived from the use of the 
ground wire under various conditions. The shielding of 
buildings and other structures from the effects of 
lightning has also been studied. 


Several high-voltage laboratories are now available 
for research and test purposes, the latest being the new 
2,000,000-volt Ryan Laboratory at Stanford University. 


GENERAL PROGRESS IN HLECTROPHYSICS 


With the discovery of X-rays and _ radioactive 
substances, some 30 years ago, the progress in physics 
has been phenomenal, and it is not possible even to 
enumerate briefly the important contributions which 
have been made within the last year or two, especially 
in the domain of our knowledge of the fine structure of 
spectral lines. These contributions follow the trend 
of ideas, previously established, with respect to the 
individual electronic orbits which determine the 
atomic and molecular structure of matter and the 
ultimate nature of various forms of radiation and other 
forms of energy. 


An authoritative and monumental work on modern 
physics is now appearing under the title, Handbuch der 
Physik, edited by Geiger and Scheel, in 24 large volumes 
(Springer, Berlin). Scores of prominent physicists are 
contributing to this work. Numerous special books 
are also available on branches of physics of interest 
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to our profession, such as X-rays, spectroscopy, loniza- 
tion, dielectrics, photoelectricity, molecular structure, 
radiations, chemical physics, ete. 

Those who wish to get a bird’s-eye view on modern 
developments in physics should read Darrow’s “‘Intro- 
duction to Contemporary Physics” (Van Nostrand) 
and his serial articles in the current issues of the 
Bell System Technical Journal. Seealso R. A. Millikan, 
“The Last Fifteen Years of Physics,’ Amer. Philos. 
Soc. Proc., 65.2, pp. 68-78, 1926. 

By following certain portions of Science Abstracts, 
Section A, one may readily keep in touch with the 
progress of any particular branch of physics in which one 
is interested. For work done in this country, the 
abstracts of papers presented before the American 
Physical Society and published in its bulletin should be 
consulted. This bulletin appears separately and is 
also subsequently reprinted in the Physical Review. 
Publications of the National Academy of Sciences, 
Franklin Institute, American Philosophical Society, 
Bell System, ete., will also be found useful. 


VLADIMIR KARAPETOFF, Chairman. 


Discussion 


R. W. Sorensen: The 1927 Pacific Coast Convention papers 
will inelude reports of work done in a study of the characteristies 
of lightning and devising means of protecting oil reservoirs 
against lightning strokes. One of the two papers to be pre- 
sented at that time is the result of work done in the research 
laboratories of California Institute of Technology, a group of 
people who wish protection for oil-storage reservoirs providing 
funds for this definite piece of research work. These funds have 
been used up and certain protective plans for oil reservoirs 
preseribed, but there remains much to be done in making a com- 
prehensive study of lightning and protection against it. Also 
this is one of the types of problems which, if properly financed, 
could well be carried out by one or more college staffs. Re- 
search on such a problem should not be limited to one or two 
laboratories and their respective groups of research men, but 
we should have a number of field observation crews and a number 
of laboratory groups making studies about lightning. It is my 
hope that a way will be found for men interested in the subject 
of lightning and provided with high-voltage equipment to do 
experimental work at our colleges in order that we may train 
students for this kind of work by permitting members of the 


faculty and student body to have a part in the work. 


Tam much encouraged by the work already done. Observers are 
coming more nearly into accord as to what lightning phenomena 
are and how to protect against the destructive nature of lightning; 
but may I, in closing, urge that a comprehensive program be 
financed in such a way as to enable several college laboratories, 
as well as the high-voltage laboratories maintained by industrial 
organizations, to have a part in carrying out these investigations. 


People whose eyes tire easily should try daylight 
lamps according to the Bureau of Standards at Washing- 
ton. The Bureau has made certain observations which 
lead it to conclude that some individuals need this 
particular type of lamp for night reading and that if 
many are of this type “it is apparent there would be a 
great field of usefulness for artificial daylight in increas- 
ing human happiness and efficiency.”’ 


Economic Aspects of Electricity in Mining Work 


Annual Report of Committee on Applications to Mining® 


To the Board of Directors: 

The applications of electricity in the mining in- 
dustry, especially in coal mining, have shown a marked 
increase during the past year, due principally to the fact 
that its use is an important element in the solution of 
the problem of high mining costs. These adverse 
economic conditions have forcibly brought to the 
attention of mine managers the necessity of replacing 
expensive labor by electrically operated mechanical 
devices. 

Coal loading machinery operated by electricity has 
demonstrated its entire practicability and has shown a 
saving of 25 to 35 cents per ton in mining costs. Much 
study still remains to be made concerning the question 
of coordinating machine loading and mining methods. 
This new and concentrated use of power in a certain 
section of a mine means a complete reconstruction of 
the power system, in order to obtain a good voltage 
regulation for not only the new equipment but for the 
old as well. 

An armoured cable capable of delivering 3000 kw. 
of power at 4000 volts and 80 per cent power factor 
has been recently installed in a metal mine shaft 5000 
ft. deep. The lowering of a cable of this size into a 
vertical shaft and its proper clamping to the supporting 
timbers were problems solved in delivering a big block 
of power to the bottom of a deep shaft. 

In gaseous coal mines where ventilating fans are 
electrically operated by power obtained from extensive 
high-tension systems, it is necessary to provide an 
emergency source of power to operate the fan in case of 
the failure of the normal power supply. A successful 
installation of this type was placed in service during the 
past year, and it consists of a gasoline-engine-driven 
generator set which will supply power to the emergency 
motor connected to the double extending fan shaft. 
After a failure of the normal source of power, 30 sec. 
are required to automatically start the gas engine set 
and restore normal fan service. 

The use of storage battery power trucks with a capac- 
ity of about 150 kw-hr. for operating coal cutting 
machinery is increasing. Installations of this type 
result in an increase in the number of places cut and 
an improved load factor of the power system, providing 

* Committee on Applications to Mining Work: 
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good judgment is exercised in selecting the time at 
which the battery is charged. In gaseous mines, the 
use of battery power not only for cutting, but for 
pumping and hauling as well, introduces an element of 
safety heretofore unobtainable. 


Automatic starting equipment has been successfully 
applied to pumping plants, converting apparatus and 
fans, and lately, air compressors have been operated 
without attendants. Successful applications of auto- 
matic starting equipment have been made to two- 
and three-speed induction motors, notwithstanding 
the complicated electrical layout which an installation 
of this type involves. 

Improvements in the haulage systems are being 
effected by the use of gathering locomotives designed to 
operate at a slower speed than during the past. The 
converting equipment required for haulage locomotives 
is being placed nearer to the load centers, thereby 
improving the voltage regulation. In mines where a 
very large tonnage must be transported through a 
single outlet, belt conveyors have been installed which 
have demonstrated their value under the above men- 
tioned special conditions. 

Many installations of electrical shovels have been 
made in the metal mining industry, and more recently, 
the coal mining industry is using this type of shovel. 
The Ward Leonard control on the large shovels and a 
motor-generator set with d-c. motors on the smaller 
shovels show the trend in the electrical apparatus used 
on shovels. 

The work of the United States Bureau of Mines in 
listing the permissible electrical equipment for use in 
gaseous mines is one which deserves the commendation 
and support of all those interested in the safe operation 
of coal mines. The list is growing rapidly and at the 
present time it is so complete that a mine manager may 
select permissible equipment for practically every 
application in mining. The equipment shows good 
design and a low maintenance cost. The fact that the 
Bureau of Mines has approved as much equipment 
during the past two years as was approved during the 
previous 10 years is proof sufficient that its work is 
being valued by the mining industry. 

That electricity is being applied in the development 
of mine safety appliances is shown in the recently 
developed methane detecting device. Briefly, it con- 
sists of a platinum filament mounted on the end of a 
stick, a battery, and an indicator carried on the in- 
spector’s belt. Current from the battery is passed 
through the filament and it is heated to a constant 
temperature. The presence of methane or other hydro- 
carbon gas around the filament increases its temperature 
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and this is indicated on a dial graduated to show the 
amount of methane in the air. Indicators may be 
permanently located in an airway and can be wired to 
a device in the mine office which will ring a bell when the 
methane rises above the point which is considered safe. 
Explosions are prevented by protecting the coil by 
gauze bonnets such as are used in the Davy safety lamp. 
The results obtained from this apparatus are very 
satisfactory. 

Further development of the miner’s cap lamp has 
doubled the light available. Judging from the in- 
creased efficiency obtained from factory workers when 
the illumination is increased, there is no doubt that the 
increase in light furnished to the workers in the ‘‘darkest 
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factory” in the world will result in an increase in safety, 
and efficiency as well. 

When one considers that 80 per cent of the American 
mines are electrified, it seems reasonable to conclude 
that this accomplishment has been helpful in reducing 
operating costs. 

Such a general adoption of electrical power by mines 
where the equipment is subjected to damp and gaseous 
mine air shows that the manufacturers have done their 
part in designing equipment to meet the conditions. 
The commercial power companies have also helped in 
that they are usually in a position to serve a mine with 
power even if it is located in an isolated section. 

W. H. Lesser, Chairman. 


High-Frequency Measurements 
Report of Committee on Instruments and Measurements 


To the Board of Directors: 


Three branches of the field of electrical measurements 
in which the demands of industry have stimulated new, 
improved and more precise methods and means of 
measurement are:—electric power and energy, dielec- 
trics, and high frequency. The first two items were 
covered in the report of the committee for 1925-26 and 
in the symposium on dielectric measurements con- 
ducted at the Niagara Falls Regional Meeting of the 
Northeastern District, May, 1926. 


HIGH-FREQUENCY MEASUREMENTS 


This year’s activity has been focussed on the matter 
of measurement of high-frequency quantities arising 
principally in the field of carrier telephony and radio. 
The committee, functioning largely through a sub- 
committee consisting of Messrs. H. M. Turner, Chair- 
man, E. D. Doyle, Melville Eastham, W. N. Goodwin, 
Jr. and B. W. St. Clair, arranged for the presentation 
of a series of papers at the Pittsfield Regional Meeting 
of the First District (May 25-28, 1927). 

A list of these papers and aresumé of the information 
in these papers are included as part of this report under 
the heading ‘‘Symposium on High-Frequency Measure- 
ments.”’ 

ELECTRICAL MEASUREMENT OF PHYSICAL VALUES 


The committee has also continued, through a sub- 
committee of one, (namely Mr. P. A. Borden), the 
extension of the bibliography of articles in other periodi- 
cals dealing with the application of electrical methods 
to the measurement of other than purely electrical 
quantities. This bibliography is submitted as part of 
this report. 

REMOTE METERING 


There has been formed this year a new subcommittee 
to survey the field of distant indications of electrical 
quantities. This committee consists of Messrs. E. I. 


Rutan, R. T. Pierce, and P. A. Borden, and it will 
report at a later date. 
A. E. KNOWLTON, Chairman. 


SYMPOSIUM ON HIGH-FREQUENCY MEASUREMENTS 


The following article consists of a resumé of a series 
of fifteen papers dealing with measurements at high 
frequencies. The study of this subject, the 
preparation of these papers and their presentation, 
will constitute the major activity of the Committee on 
Instruments and Measurements during the year 1926- 
27. The papers are to be presented at the Regional 
Meeting in Pittsfield, Mass., May 25, 1927. Complete 
copies may be obtained from Institute headquarters. 
The papers are as follows: 

1. Notes on the Use of a Radio-Frequency Voltmeter, 
by W. N. Goodwin, Jr. 

2. Substitution Method for the Determination of 
Resistance of Inductors and Capacitors at Radio Fre- 
quencies, by C. T. Burke. 

3. Condenser Shunt for Measurement of High- 
Frequency Currents of Large Magnitude, by Alexander 
Nyman. 

4. Radio-Frequency Current Transformers, by Paul 
MacGahan. 

5. Methods for the Measurement of Radio Field 
Strengths, by C. R. Englund and H. T. Friis. 

6. The Quantitative Determination of Radio Receiver 
Performance, by H. D. Oakley. 

7. High-Frequency Measurements of Communication 
Lines, by H. A. Affel and J. T. O’ Leary. 


8. Methods of Measuring the Insulation of Telephone 
Lines at High Frequencies, by E. I. Green. 
9. High-Frequency Measurement of Communication 
Apparatus, by W. J. Shackleton and J. G. Ferguson. 
10. Impedance of a Non-Linearg Circuit Element, 
by E. Petersen. 
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11. Empirical Analysis of Complex Electric Waves, 
by J. W. Horton. 

12. A New Thermionie Voltmeter, by S. C. Hoare. 

13. The Oscilloscope: A Stabilized Cathode Ray Oscillo- 
graph with Linear Tome Axis, by Frederick Bedell and 
H. J. Reich. 

14. Sensitivity Characteristics of a Low-Frequency 
Bridge Network, by P. G. Edwards and H. W. 
Herrington. 

15. Microammeter Indication 
Bridge Balance, by H. M. Turner. 

The committee feels that these papers reflect the 
latest development in the methods of measurement 
of quantities associated with frequencies ranging from 
those just above power and ordinary telephone fre- 
quencies through those used in radio communication. 

The instruments commonly employed in measure- 
ments at ordinary power frequency have very definite 
limitations when used at the higher frequencies. Also 
it is a matter of common knowledge that measure- 
ments of circuit properties under the higher frequencies 
cannot in general, be made satisfactorily by direct 
determination of current and voltage drop in a series 
arrangement. Much of the progress in the field of 
high-frequency measurements has been in the direction 
of bridge modifications, adaptation of the electron 
tube to measurement circuits, and also the improvement 
of thermocouple type instruments. 


of High-Frequency 


INSTRUMENTS FOR RADIO FREQUENCIES 


A shielded thermocouple type voltmeter for radio 
frequencies was described by L. T. Wilson in the 1924 
TRANSACTIONS. The current consumption varies from 
2 to 8 milliamperes for the conductive circuit of the 
instrument and a quadrature component for shield- 
charging of the same order of magnitude. Subsequent 
investigation during the development of the instrument 
have shown that in order that the inherent precision of 
the instrument shall be realized, the effect of induc- 
tance and capacitance in the connections must be 
avoided by observance of careful technique. Thus 
in measuring the effective resistance of a reactor, the 
low-potential section of the measuring circuit should be 
carefully grounded and the high-potential section kept 
short and clear of solid dielectrics and consequent stray 
loss. 

In measuring the R and L of a broadcast tuning coil, 
for example: It is connected in series with a 500-m.m. f. 
condenser, a 100-milliampere ammeter and a 1.2-ohm 
resistor (say 2 in. of 0.0065-in. manganin) the latter 
serving as conductive coupler with an oscillator 10-watt 
or larger. The drop across the resistor as indicated by 
the voltmeter will be of the order of three volts when 
the measuring circuit is tuned to sharp resonance. The 
effective resistance of the coil is less than E'/I by the 
amount of milliammeter and condenser resistances. The 
inductance of the coil is computed from the resonance 
formula and the capacity setting of the condenser. The 
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frequency error of this device is about 1 per cent for 
frequencies of the order of 1500 kilocycles. (See 
paper No. 1). 

Circuit constants of capacitors and inductors are, in 
one method, of a substitution type, found by resonating 
them in a series circuit and using asan indicator a crystal 
in series with a d-c. microammeter, the combination 
shunted across a small inductance in the series circuit. 

The resistance of an inductor is found in the value of a 
non-reactive resistor substituted for the inductor in a 
circuit tuned in both cases to resonance by adjustment 
of a capacitor having negligible equivalent series re- 
sistance. The inductance is found in terms of the 
quotient of difference and product of the capacities 
required for resonance. Similarly, the capacitance and 
resistance of a capacitor are found in terms of the change 
in resistance and capacitance between resonance, with 
and resonance without the capacitor in question. 
(See paper No. 2). 

In the measurement of high-frequency current of 
more than 10 amperes the hot wire instrument is not 
feasible because the size and resistance tend to become 
prohibitive. The thermocouple ammeters for larger 
ranges than 100 amperes become very expensive on 
account of considerations of skin effect and size of 
heating element. Iron-cored current transformers are 
satisfactory up to 500 kilocycles but for much higher 
frequencies the difficulties in design increase. 

A method has been developed which employs a hot- 
wire or thermocouple ammeter in series with a relatively 
small condenser and the combination in parallel with a 
large condenser shunt. The error due to the thermo- 
couple resistance need not exceed 0.5 per cent with 
frequencies up to 6000 kilocycles and _ satisfactory 
commercial measurements are feasible up to 60,000 
kilocycles. Unit assembly of the shunt condenser 
readily permits the provision of several current ranges, 
—say 50, 100, 200 amperes, the thermocouple instrument 
in each case having a 0.25-ampere rating. Care must 
be taken to avoid losses from resonance of the closed 
circuit at some harmonic of the fundamental. The 
absolute calibration of the arrangement presents 
difficulty even by means of a calorimeter ammeter be- 
cause of the uncertainty about high-frequency resis- 
tance and effect of distributed capacity. The condenser 
shunt is apparently entitled to greater confidence than 
a direct thermal determination. (See paper No. 3). 

For the measurement of large currents at high fre- 
quency, there are also available current transformers of 
the through-type with secondary rated at one ampere; 
the indicator is usually a thermocouple type ammeter. 
(See paper No. 4). 


RADIO FIELD-STRENGTH AND RECEIVING SETS 


The vacuum tube used as detector, amplifier and volt- 
meter is the basis of sensitive comparator methods for 
determining radio field strengths at frequencies below 
1000 ke. in the customary unit of micro volts per meter 
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The loop-antenna is employed in preference to the open- 
antenna and no indirect evidence has appeared which 
places in doubt the value of equivalent effective height 
computed for the loops used. Both the J R drop and 
mutual-inductance voltage methods are employed for 
introducing into the antenna the sinusoidal comparison 
voltage; the resistance method is preferred because its 
reactance is of less concern than the resistance of a 
mutual inductance and also it serves admirably as a 
terminal impedance for a constant impedance attenua- 
tion network. Shielding is easier with resistance 
coupling. ’ 

For frequencies higher than 1000 ke. theabove method 
becomes unworkable and a double-detection type of 
receiver is used after calibration as a vacuum tube 
voltmeter. The received field strength is evaluated in 
terms of three measured attenuation factors, the 
received signal voltage and the loop effective height. 
Static energy and static ‘‘noise value’ are of interest; 
continuous static is readily measurable in terms of the 
telegraph signal strength masked by it. The enormous 
variability of usual static has prompted measuring it by 
noting the gain of the receiving set necessary to main- 
tain constant static output. A non-restoring type of 
deflection instrument comparable to a fluxmeter has 
merit in summing the received energy over a definite 
interval. (See paper No. 5). 

The problems of measurement of the common electri- 
cal properties of the individual elements and of circuit 
units of radio receiving sets having been dealt with, 
there are remaining those factors of set performance 
which differentiate sets with respect to their selectivity, 
sensitivity, fidelity of reproduction and reradiation. 
Each of these attributes of a completed set have been 
reduced to a quantitative definition and measuring 
method which evaluates them in terms of output 
voltage obtained on response to the input from a con- 
trolled signal generator. Thus sensitivity is deter- 
mined as the ratio of output voltage to input field 
strength at various output voltages and input fre- 
quencies. Dimensional analysis of the expressed ratio 
results in reduction to length units; therefore, sensitivi- 
ties are expressed in meters. Selectivity is determined 
in terms of the input field strength required to main- 
tain a constant minimum value of output voltage for 
the requisite range of frequencies. Quality perform- 
ance is expressed as the ratio of output voltage at the 
various modulation frequencies, the antenna voltage 
and degree of modulation being maintained constant. 
Radiation is expressed in meter-amperes, the meters 
being the antenna height and the amperes that value of 
current required to establish various output voltages 
in a detector of known sensitivity when the latter is 
supplied with the radiation output of the receiving set. 
(See paper No. 6). 


TELEPHONE CARRIER-FREQUENCY MEASUREMENTS 


In the field of telephone carrier frequencies, the line 
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characteristics of chief interest are attenuation, im- 
pedance and cross-talk for frequencies up to about 
50,000 cycles. Apparatus for field and laboratory 
measurement of these quantities has been developed and 
standardized on a unit basis. The units consist of 
oscillator, detector-amplifier, impedance-bridge, ther- 
momilliammeter, variable attenuator, cross-talk set 
and frequency meter. The oscillator is a vacuum- 
tube and tuning circuit giving 0.4 to 0.7 watts maximum 
at frequencies from 100 to 50,000 cycles and above 
3000 cycleshasno harmonics of more than 10 per cent of 
the fundamental amplitude. The detector-amplifier is 
adapted to both aural and visual balancing or in- 
dication. The impedance bridge is of the balancing or 
differential coil type. The thermomilliameter carries 
its own d-e. calibrating circuit and provides for the use 
of three thermocouples of a range of characteristics 
to cover a current range from 0.2 to 50 milliamperes. 
The attenuator is a network of known loss and terminal 
impedance and the cross-talk-set is a similar attenuator 
adapted to cross-talk measurements of the order of 10-6 
times the transmitted currents. The frequency meter 
is a resonance bridge. Attenuation measurements 
made on the current-transmitted versus current-re- 
ceived method are possible for energy ratios up to 
30 X 10° to an accuracy of about 3 per cent. Impedance 
measurements are of importance in connection with non- 
homogeneous lines and these are generally made on the 
line after terminating it in its characteristic impedance, 
usually a resistance of about 600 ohms; the results 
indicate the efficacy of loading to meet carrier-current 
operation. Avoidance of cross-talk with carrier-fre- 
quency operation presents many difficulties and 
necessitates a highly refined system of transpositions; 
the cross-talk measurements made to determine the 
effectiveness of the transpositions are a specialized 
form of attenuation measurements, 7. e., attenuation 
to cross-talk must be high and to line transmission, 
low. : 

It is by such a system of measurement that a tele- 
phone circuit is tested for its quality after the necessary 
modifications have been made in preparation for carrier- 
current operation. (See paper No. 7). 

A substantial part of the increased attenuation at 
carrier frequencies is due to skin effect of the conductors, 
and the leakage conductance of the insulators is found to 
increase rapidly with the frequency; radiation is a 
negligible factor. It is permissible to attribute to 
leakage conductance all losses except those of an J? R 
nature in the metallic conductors; the leakage con- 
ductance, G, may of course, be derived from measure- 
ments of the attenuation but the line would have to be 
at least 100 mi. in length. A direct measurement of G 
on a line short enough (250 ft.) to avoid propagation 
effects and a phase shift of more than five degrees has 
been made on an experimental line with sufficient 
comparability to represent the shunt losses in long lines; 
the line contained 25 poles spaced 7 ft. apart and with 
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6-in. spacing of the insulators on the crossarms. A 
certain amount of transposition was resorted to, but the 
important precautions pertained to the manner of 
leading the conductors into the test station. 

Hach circuit is in effect a conductance shunted by a 
capacitance and thus the equivalent of the leaky 
condenser; the bridge for the conductance measure- 
ments is similar to those employed for the determination 
of the loss angle or power factor of dielectrics and con- 
densers. The high resistance of a few insulators in 
parallel would appear to require a correspondingly 
high value of resistance in the standard side of the bridge 
but this is avoided by placing a condenser in series with 
a lesser value of resistance. A method of obtaining 
continuous record of d-c. leakage has been developed; 
a similar continuous record of the high-frequency 
leakage is greatly to be desired but as yet awaits solu- 
tion. (See paper No. 8). 

The performance of communication apparatus de- 
pends principally upon its impedance and in the pre- 
cision and routine measurement of resistance, 
inductance and capacitance, standards of primary and 
secondary nature are necessary. The prime standards 
may well be resistance and frequency and the derived 
standards those of inductance and capacitance. Self- 
driven forks (calibrated by phonic wheel for 24-hr. 
period against Arlington time) can be maintained within 
0.001 per cent of 100 cycles. Other frequencies can 
be compared with the standard by means of the cathode 
ray oscillograph. Resistance standards must have 
minimum and constant phase angle; 1000-ohm stand- 
ards have been constructed with effective inductance 
not exceeding five microhenrys up to 100 ke. 

Secondary standards of capacitance are made with 
mica dielectric impregnated with paraffin; such con- 
densers can be obtained with temperature coefficient 
below 0.005 per cent per deg. cent. and with less than 
0.1 per cent capacitance variation from 500 cycles to 
100 ke. and phase angles less than one minute. Air 
condensers are feasible for the smaller capacitances. 
Secondary standards of inductance must be constant 
and preferably with small external field. Air-cored 
standards of large inductance involve considerable 
distributed capacitance; on this account cores of per- 
malloy have been used with considerable success. 
Secondary standards of resistance in dial form in- 
evitably involve more distributed capacitance than 
single primary standard resistances. 

In the comparison of secondary standards against 
primary standards, methods which determinate the 
unknown in terms of circuit constants are preferable 
to those requiring the measurement of ‘current and 
voltage. The bridges used must be carefully shielded 
and the equal ratio arm bridge is to be preferred wher- 
ever possible. The bridge circuits in use provide 
for impedance determinations when direct current is 
superposed on the high-frequency alternating current; 
these bridge methods also provide means of measuring 
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flutter (telegraph impulse affecting the telephone 
frequency inductance of apparatus in the common 
circuit), transformer ratios, capacitance unbalance, 
attenuation and gain, and cross-talk. (See paper No. 9.) 

The harmonic components of non-sinusoidal quanti- 
ties create difficulties in the measurement of impedance 
of circuit-elements of a non-linear nature, where the 
ratio of instantaneous currents and potentials is not 
constant throughout the cycle. Vacuum tubes are 
non-linear as to resistance and iron-cored coils at high 
flux densities are non-linear as to reactance. In a-c. 
bridge measurements of such quantities it is found that 
the measured impedance depends on harmonic factors 
introduced from the source of supply, the magnitude 
of the resistance in the bridge ratio arms, the im- 
pedances of the detector and of the source of supply 
to the fundamental frequency and to the possible 
harmonic frequencies, and also upon the method used 
in attaining bridge balance. As for the last item, the 
measured non-linear impedance may well be different 
if balanced, in one case, against standards of resistance 
and inductance and, in the other case, balanced against 
a non-inductive resistance after establishing resonance 
with a standard capacity. 

It is thus often essential to arrange the measuring 
circuit so that the impedance or other quantity mea- 
sured shall be characteristic of the non-linear device 
and not of the bridge and supply network. The com- 
plicating effect introduced by a non-sinsuoidal im- 
pressed potential wave is readily removed by the use of 
a frequency-selective circuit between the source and the 
measuring network. The complicating effect of har- 
monics arising out of the non-linear reaction of the 
element under measurement may be suppressed in two 
ways,—one, a modification of the usual bridge method 
and the other, an a-c. potentiometer method. 

In the modified bridge method, two balanced high- 
inductance coils with high-coupling are inserted in the 
1:1 ratio bridge arms. The fundamental fluxes neu- 
tralize but the harmonic components of current en- 
counter the series-aiding impedance and are effectually 
suppressed. In the a-c. potentiometer method the 
harmonics are suppressed by a filter of low impedance 
to the fundamental and high impedance to the har- 
monics developed in the non-linear element. Further 
modifications make possible the determination of the 
non-linear characteristics of the element without 
suppressing the harmonic current flow. (See paper 
No. 10). 

In the transmission of speech it is not only essential 
that the circuit possess prescribed reactions to steady 
state conditions but also that it fulfill certain other 
limitations upon transient conditions. The oscillo- 
graph is inadequate to the analysis of the couples 
waves encountered in, for example, the multi-channel 
repeater employed in carrier telephone systems and 
other means of analysis had to be devised. Any dis- 
tortion by amplifiers or circuit elements results in the 
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development of new frequencies that are multiples of 
the components of the impressed wave or are algebraic 
combinations of those components; these extraneous 
components may call for detection and measurement 
when their amplitude is even as low as 0.1 per cent or 
less of the true signal components. The heterodyne 
beat method is found useful in such detection and 
measurement; by a d-c. indicator in the plate circuit 
of a biased grid tube the amplitude of the d-c. compo- 
nent is directly determined. The same indicator will by 
relatively slow periodic change in deflection show by a 
beat method the presence of a minute component of a 
particular difference-frequency when the oscillator 
frequency is brought close to the frequency of the com- 
ponent. The method does not lend itself readily to a 
quantitative determination however. 

Practically all analyzers for waves of small amplitude 
are modifications of the elementary form in which a 
selective circuit couples a vacuum tube amplifier to the 
circuit under investigation. Whether the voltage drop 
across L or C be chosen for application to the grid 
of the detector depends upon the frequency of the com- 
ponents sought; L for low, and C for high frequencies. 
The procedure is tedious and long if a wide range of 
frequencies are sought and there has been developed a 
device for automatically tuning over the desired 
range and automatically recording the amplitudes of 
discovered components. Means are also available for 
examining the variation of a single component of a 
complex wave as conditions affecting it are varied; 
the required selectivity is attained by employing several 
analyzers in tandem. 

For more exacting requirements even the above 
method is inadequate and for such cases a heterodyne 
analyzer has been developed; thereby the frequency 
range to be examined is translated to a lower position 
of the frequency scale with the advantage of greater 
fractional separation between components. (See paper 
No. 11). 


INSTRUMENTS FOR MODERATELY HIGH FREQUENCIES 


A vacuum tube voltmeter has been developed in 
which the plate impedance forms one arm of a Wheat- 
stone bridge. With zero voltage impressed upon the 
grid-filament circuit of the tube the bridge is initially 
balanced by means of an adjustable resistance, the 
bridge indicator then reading zero. When an unknown 
voltage either alternating or direct is then impressed 
upon the grid-filament the plate-impedance changes, 
and the bridge balance is disturbed; the resulting 
deflection of the bridge indicator is a direct indication, 
after appropriate calibration, of the voltage impressed 
on the grid filament. (See paper No. 12). 

Professor Bedell describes a method for producing 
stationary curves on the screen of a cathode ray oscillo- 
graph and establishing a linear time axis which involves 
the use of an auxiliary circuit consisting of a source of 
constant voltage, a neon gas-filled lamp and an electron- 
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tube arranged in the general form of a bridge. The 
voltage across a portion of this circuit, which varies 
directly with time, is connected across one pair of de- 
flecting plates of the.oscillograph tube and in this way 
establishes a linear time axis. By means of a motor- 
driven distributor, the other pair of deflecting plates is 
connected first to one part of a circuit and then to 
another, thus making it possible to study several 
phenomena simultaneously. (See paper No. 13). 

The employment of very low frequencies (say three 
or four cycles per second) involves in some respects as 
much difficulty as the higher frequencies. The problem 
of locating opens in telephone cable conductors involves 
the determination of impedances; a study has been 
made of the degree of accuracy and sensitivity obtain- 
able in impedance measurement with different fre- 
quencies of supply voltage. For long cables the input 
impedance is a hyperbolic rather than linear function 
of the characteristic impedance; the error in impedance 
measurement arising from this functional departure 
proves to be least for the lower frequencies. On the 
other hand, the bridge sensitivity is improved by some- 
what higher frequencies. A thorough mathematical 
and experimental analysis of the sensitivity of im- 
pedance measurement of cable fault locations up to 70 mi., 
by means of a de Sauty bridge, indicates the desirability 
of using frequencies of the order of four cycles. The 
sensitivity is further increased by controlling the phase 
of the field excitation of the bridge galvanometer. 
Use of such low frequencies as four cycles per second is 
not common and the generating apparatus, bridge, 
detector, and graphical treatment of errors and sensi- 
tivity of measurement of impedances at this frequency 
are of interest in a report on measurements under 
other than power frequencies. (See paper No. 14). 

The telephone receiver, due to its simplicity, sensitiv- 
ity and convenience, has been widely used for determin- 
ing a-c. bridge balance and under favorable conditions 
is quite satisfactory. The aural method, however, 
involving as it does the receiver associated with the 
ear, has two serious limitations; first, it can be used 
only where there is very little extraneous noise and 
second, the frequency range for best operation is re- 
stricted to a band of, say, from 200 to 2000 cycles unless 
a heterodyne scheme is adopted. 


A visual method has been devised using a d-e. 
microammeter in the plate circuit of an electron tube 
rectifier, associated with one or more stages of amplifica- 
tion, which gives maximum reading for a state of bal- 
ance, thereby permitting the use of a sensitive meter 
and at the same time making it fool proof. A large 
bridge unbalance reduces the deflection to nearly zero 
and as balance is approached it increases. No change in 
reading on short-circuiting the indicator terminals of 
the bridge, which would correspond to zero voltage, 
shows definitely a perfect balance. This method not 
only completely overcomes the limitations of the aural 
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method, but also renders a quantitative determination 
of the degree of unbalance. (See paper No. 15). 


ELECTRICAL) MEASUREMENT OF PHYSICAL VALUES 
By PERRY A. BORDEN 
(Supplementary Bibliography) 


The following bibliography, prepared at the instance 
of the Committee on Instruments and Measurements, 
is supplementary to that accompanying the writer’s 
paper on the above subject published in the TRANS- 
ACTIONS of the A. I. E. E. Vol. XLIV (1925) p. 288. 
While most of the articles referred to have appeared in 
the technical press during the current year, some are of 
earlier dates, and a few references are made to standard 
works on electrical measurement. The arrangement of 
headings has been retained as in the original paper, but 
the references are not numbered. 
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Synopsis.—A new and improved tool generally means new or 
improved accomplishments. Great improvements in sound. record- 
ing and reproduction have been made possible by the thermionic 
amplifier. 

Electrical reproduction may be considered in three steps, (1) 
generation of a voltage by the vibrations of the needle, (2) amplifica- 
tion, (3) conversion of electrical power into sound. The first 
of these steps involves some interesting mechanical and electrical 
problems, and it is with these that the paper primarily deals, the 
problems of amplification and loud speaker design having been 
discussed in earlier publications to which references are given. 


Several types of phonograph “pick up’ are possible; electrostatic, 
piezoelectric, electromagnetic, and variable resistance or microphonic. 
The electromagnetic principle is used in the device now manu- 
factured. Since the moving armature cannot be actually at the 
needle tip, the little generator must function by transmitting the 
vibrations from the needle tip through a more or less flexible structure 
to the armature. Vibrations are inevitably transmitted, but when 
the requirements of freedom from appreciable distortion and maxi- 
mum possible output are added, extreme care in design becomes 
necessary. An analysis is given of the mechanical behavior of the 
present model of reproducer. 


ANY interesting improvements have been made 
M recently in methods for recording and reproduc- 
ing sound, which have resulted in truer and more 
pleasing reproduction. These have involved the use of 
electrical means in recording, while both electrical and 
direct or mechanical systems are being used with good 
results for reproduction. A discussion of some of the 
problems arising in an electrical system of reproduction, 
seems warranted in view of the widespread interest in 
such questions and of the fundamental nature of some 
of the mechanical problems involved. 


Mechanical and Electrical Systems Compared. The 
inherent advantage of electrical method of phonographic 
recording and reproduction, as compared with the older 
direct methods, lies in the fact that the electrical 
methods can make use of amplifiers. In the old 
system of recording, the cutting tool was mechani- 
cally connected to a diaphragm which was actuated 
by sound waves. The power available to give the 
necessary vibrations to the tool was thus limited to 
what could be collected from the original sound. In 
the case of electrical recording the power for vibrating 
the tool may be made as great as needed. This does 
not necessarily mean louder records or greater ampli- 
tude of vibrations. In acoustic apparatus extreme 
sensitivity is generally purchased at the expense of 
quality. In order to get sufficient amplitudes of cutting 
tool vibration, a horn was used to concentrate the sound 
waves, and a resonant diaphragm was employed. Both 
of these introduce distortion. In electrical recording, 
a sound pick up or transmitter without a horn is used. 
Its electrical output is small, but can be amplified with- 
out appreciable distortion, and relatively large forces 
can be applied magnetically to the cutting tool, which 
may now be heavily damped, thereby reducing its 
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tendency to respond more to certain frequencies in the 
musical scale than to others. 

When we come to the problem of reproduction from 
the record, the possibility of amplification does not give 
so great an advantage to the electrical system, as in 
the recording, because the reproducing needle, unlike 
the sound waves with which we started, can deliver 
considerable power, or apply large forces to the object 
which it is required to vibrate. This power at the re- 
producing needle is, of course, derived from the rotation 
of the record. In fact, cutting a record and then play- 
ing it may be regarded as a method of power amplifica- 
tion. In the old method of cutting and reproduction 
the power output in sound from the phonograph is 
normally many times the power collected by the horn 
used in recording. 

Both the mechanical and electrical systems can be so 
designed as to give a very high order of quality in re- 
production. The advantage of the mechanical system 
is its simplicity. The advantages of the electrical 
system are its flexibility, ease of adjusting loudness, 
and the possibility of obtaining greater volume of sound, 
where this is desired and the apparatus is designed 
accordingly. 

Electrical reproduction may be considered in three 
steps, (1) the vibration of the needle must be made to 
generate a voltage whose wave form corresponds to the 
wave in the groove, (2) this voltage is amplified, and 
(3) an electrical loud speaker converts electrical power 
back into sound. The design of amplifiers and loud 
speakers has been discussed in earlier papers’. The 
present paper will, therefore, deal principally with the 
device in which the vibration of the needle generates 
the voltage which is to be supplied to the amplifier. 

2. Design of Non-Distorting Power Amplifiers, Edward W. 
Kellogg, A. I. E. KE. Trans., Vol. 44, 1925, p. 302. 

A New Type of Hornless Loud Speaker, by Chester W. Rice 
and Edward W. Kellogg, A. I. KE. E., Trans. Vol. 44, 1925, p. 461. 


See also bibliography on amplifiers and loud speakers at end 
of paper. 
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POSSIBLE TYPES OF REPRODUCER 

, _The same principles by which diaphragm vibrations 
in a transmitter are made to produce voice currents, 
may be applied to the case of the phonograph repro- 
ducer. Many types of transmitters have been used, 
among which are the magnetophone (Bell’s first trans- 
mitter as well as receiver) the variable resistance 
transmitter such as in general use in telephony, the 
condenser transmitter? which is used in broadeasting 
stations, and a transmitter making use of a piezo- 
electric! crystal. These transmitters may be classified 
as of two types: (1) those in which the output voltage 
is proportional to the deflection, and (2) those in which 
the output voltage depends on the velocity of diaphragm 
movement. The carbon microphone, condenser and 
piezoelectric transmitters as generally used are of the 
first type, while the magnetophone belongs to the 
second or velocity type. The condenser transmitter, 
for example, is kept charged through a very high 
resistance so that the charge upon the plates cannot 
change appreciably during an audio cycle. The voltage 
across the condenser then varies inversely as the 
capacity, or directly as the plate spacing. The voltage 
thus obtained which is applied to the grid of an amplifier 
tube is proportional to diaphragm deflection, indepen- 
dent of frequency except for frequencies: so low 
that the condenser reactance is considerable compared 
with the leak resistance (for practical purposes we may 
say equal to the leak resistance). The same con- 
siderations apply to the piezoelectric crystal which may 
be regarded as a condenser of constant capacity but 
variable charge, the charge depending on the mechanical 
force applied to the crystal. On the other hand, both 
the condenser transmitter and the piezoelectric crystal 
may be made to act as velocity devices by using leaks 
whose resistance is low compared with the capacity 
reactance of the condenser throughout the essential 
frequency range. In this case the charge flows freely 
back and forth through the resistance, and the current 
(or voltage across the leak resistance) is proportional 
to the rate of change of charge which in turn is pro- 
portional to the diaphragm velocity. The magnetic 
transmitter works on the principle of changing the mag- 
netic flux through a coil. Its open circuit voltage is 
proportional to the rate of change of the flux, and this 
again depends on velocity of movement. In terms of 
sine waves, the deflection devices (type No. 1) give a 
voltage proportional to ampl tude independent of 
frequency, while the velocity devices (type No. 2) 
give a voltage proportional to amplitude multiplied by 
frequency. 

3. See papers on the Condenser Transmitter by EH. C. Wente, 
Phys. Rev., X-1, p. 39 XI, p. 450 XIX. 

4. H. and P. Curie, Compt. Rend., 91, pages 294 and 383, 1880. 

J. Valasek ‘‘The Piezo-electric Activity of Rochelle Salt,” 
Phys. Rev., Vol. 19, p. 478, 1922. 

A. Mc L. Nicolson, The Piezoelectric Effect in the Composite 
Rochelle Salt Crystal, A.J. HE. E., Trans., Vol. 37, 1919, p. 1315. 

W.G. Cady, 7. R. #., Apr: 1922: 
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_ Which of these types of device should we choose for a 
phonograph reproducer? If the system by which the 
record is cut is so designed that the deflection of the 
cutting point is proportional to the original sound wave 
pressure, then a deflection type reproducer is required. 
If the record is cut by a tool whose instantaneous 
velocity is proportional to the sound wave pressure, we 
shall require a velocity type reproducer. Both systems 
are equally correct from the standpoint that if their 
conditions are complied with, distortionless repro- 
duction will result. The choice can, therefore, rest on 
such considerations as scratch noise ratio, wearing 
qualities of record, interchangeability of records, and 
designing a practical device which performs in ac- 
cordance with the theoretical requirements. By inter- 
changeability of records is meant that it is desirable 
that the electrical reproducing system shall not only 
give good results with records that are especially cut for 
it, but so far as possible give pleasing results with 
records cut by the old process, and the records which are 
correctly cut for electrical reproduction should sound 
well when played on a horn type machine. This 
requirement is most nearly met by the velocity system 
of cutting and reproducing. When a diaphragm is 
placed at the end of a long pipe it produces sound wave 
pressures in the pipe proportional to the diaphragm 
velocity. If, instead of a pipe, the diaphragm works 
into a horn of the usual (approximately exponential) 
shape, the same relation holds, very nearly, over most 
of the frequency range, the difference being that below 
a certain frequency the sound radiation from the horn 
drops to almost nothing®. If the needle motion is 
properly imparted to the diaphragm, a phonograph of 
the horn type may be regarded as a device giving output 
sound pressure proportional to needle velocity, except 
that its response is limited to frequencies above a certain 
value. In some of the new designs employing long 
slowly expanding horns, the range of response has been 
ereatly extended in the direction of response to lower 
tones, this change plus the reduction of resonances in 
the system makes of the horn phonograph a machine 
which holds very closely to the relation—output sound 
pressure proportional to needle velocity. It is, there- 
fore, clear that if the electrical reproducing system 
is to be such that records may be satisfactorily inter- 
changed, it must work on the velocity principle. It 
is not apparent that in respect to wear of records and 
scratch ratio a system in which output depended on 
deflection rather than velocity would have any ad- 
vantages to offset the disadvantage of not having the 
records interchangeable. 

Of the possible devices giving voltage proportional 
to needle velocity, the magnetic and the piezoelectric 


5. Function and Design of Horns for Loud Speakers, by C. R. 
Hanna and J. Slepian, A. I. HE. H., Trans. Vol. 43, 1924, p 393. 

The Performance and Theory of Loud Speaker Horns, by 
A.N. Goldsmith and John P. Minton, J. R. E. Proceedings 
Aug. 1925. 
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have both been proved practicable, and the condenser 
is unquestionably a possibility. A very satisfactory 
design employing a piezoelectric crystal was worked out 
by Mr. Chester W. Rice of the General Electric Com- 
pany. The magnetic reproducer gave substantially 
the same results, and was chosen on account of manu- 
facturing considerations. It is the mechanical problems 
involved in the design of this device which are of especial 
interest. 


THE MAGNETIC REPRODUCING DEVICE OR PHONOGRAPH 
Pick-Up 

Fig. 1 shows in outline several possible forms of 

magnetic reproducer for use with records having later- 

ally cut grooves (as distinguished from grooves of 


FPYIVOT 
SPRING 


Fic. 1—Snverau Posstsite Tyres or Macnetic PHONOGRAPH 


Pick-Up 


varying depth). In each of these a movement of the 
needle causes a change in the flux through the coil or 
coils, and the voltage induced depends on the rate at 
which this flux changes, or on the velocity of movement 
of the iron armature. If there are no short-circuited 
turns, if the winding is electrically unloaded, and if the 
iron parts are of low reluctance at all frequencies 
compared with the air-gaps, the faithfulness of repro- 
duction depends entirely on the similarity of motion 
of the armature and needle point. If the structures 
were rigid this similarity would be perfect and distortion 
would be nil. 

Very little power is absorbed by the moving iron 
armature, for the winding is virtually unloaded, and 
even if the winding were loaded through a resistance, 
the power absorption would not be sufficient to produce 
much damping. ‘There is, however, considerable stiff- 
ness in the mounting of the armature, necessary to 
resist the magnetic pull. 
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The mechanical problem may then be stated as 
follows: Given a certain movement of the needle tip, a 
motion of identical form must be imparted to a small 
magnetic element at an appreciable distance from the 
needle tip, displacement of the magnetic element from 
its main position being resisted by a spring or its equiv- 


alent. There are three types of structure by which 
SPRING 
Fir, 2—EssentraL Fratrures or A Macnetic Pick-Up 


the vibratory motion might be transmitted and the 
requirement of identical wave form be fulfilled: (1) 
A rigid structure (2) a spring potentiometer (3) a filter 
type or wave transmission structure. Fig. 2 shows a 
magnetic reproducing device or pick-up in schematic 
form. The only way in which the motion of the end 7 
can differ in wave form from that at N is by bending of 
the lever or give at the pivot. In other words, making 
the system rigid will prevent distortion. But freedom 
from distortion is also compatible with flexibility in the 
lever and needle. If the needle point is pushed to one 
side of its normal position the yield is partly in the lever 
and partly in the spring S, the amount of motion at T 
depending on the relative stiffness of the two. I have 
called this a “spring potentiometer,” by analogy with 
the electrical potentiometer. If two springs are con- 
nected in series as indicated in Fig. 3 the motion of the 
junction point 7 is a certain fraction of the motion at N. 
The ratio is only constant, however, if mass plays no 
appreciable part. Ifa mass is located at T the motion 
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Fic. 3—Spring PoTENTIOMETER 


of the point 7’ will be practically the same as though 
there were no mass present, provided the natural 
frequency determined by the mass in conjunction with 
the two springs is well above the highest frequency 
applied at N. The third type of structure by which the 
motion at N ean be accurately reproduced at T is one 
in which both flexibility and mass are distributed. 
The distribution need not necessarily be uniform but 
the masses and flexible elements must have certain 
relations which depend on the range of frequencies to 
be transmitted. In this case thereis definite wave motion 
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and progressive phase differences between the motions 
of the successive parts of the structure. Because the 
masses and flexible elements are lumped rather than 
uniformly distributed, the wave motion structure has 
the properties of a filter, and has been called the “filter 
type structure’ by Messrs. Maxfield and Harrison in 
their discussion of recording and direct or mechanical 
phonograph reproduction®. If the distance through 
which it is desired to transmit acoustic vibrations is of 
the order of several inches it becomes practically im- 
possible to construct a rigid mechanical transmission, 
or one in which mass plays negligible part. Wave 
motion becomes inevitable, and to secure distortionless 
transmission it is necessary to so design the system that 
the waves will not be reflected. This means a proper 
proportioning of the mass and flexibility of each part, 
and the final absorption of the wave energy in a mechan- 
ical resistance of the correct value. If these conditions 
are met there is practically no limit to the distance to 
which the vibrations may be accurately transmitted. 
In the case of mechanical reproduction from a laterally 
cut phonograph record the necessary distance from 
needle point to diaphragm is too great for a truly rigid 
connection, while the mechanical resistance necessary 
for proper wave transmission is obtainable from the 
reaction of air on the diaphragm. The wave or filter 
system was, therefore, the logical choice.- 


For the electromagnetic reproducer on the other hand | 


there appeared to bea possibility of making the distance 
short enough and the parts light enough so that a good 
approximation to a rigid structure could be obtained. 
If this should prove possible, the design would be much 
simplified, the required exactness of duplication would 
be reduced and the necessity of obtaining a pure 
mechanical resistance would be avoided. 

In considering the design of a magnetic reproducer 
it is necessary to choose between several possible types, 
such as moving-coil as against moving-magnetic arma- 
ture, center-pivoted or full rocker as against end- 
pivoted or half rocker, windings on poles as against 
winding on armature. Several of these possible 
types are illustrated in Fig. 4. 

The moving coil arrangement involves a long air-gap 
and, therefore, a heavy field magnet. Moreover the 
mass of the coil is objectionably large. Devices with 
iron armatures which move toward and away from the 
poles of a magnet have better possibility of producing a 
large change of flux interlinkage with a small movement 
of a small mass. 

_ ‘Again, there is decided choice between the various 
magnetic armature arrangements. In the first place 
it is better to place the windings around the armature 
than around the poles for much of the flux change in the 
armature involves only a slight shift of the flux from the 
pole pieces and does not cut all the turns of a coil wound 


e816, High Quality Recording and Reproducing of Music and 
Speech. J. P. Maxfield and H. C. Harrison, A. I. EK. E., Feb. 
1926, Bell System Tech. Jour., July, 1926. 
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on the pole. Hence we may limit our choice to column 
De 

Next is the question of single acting vs. double acting 
or “‘push pull’ arrangements. Comparing k with 7 
of Fig. 4, for example, we may say that adding the 
two poles on the left hand side of the armature has 
doubled the magnetic effect which results from a given 
motion of the armature, for there are just twice as 
many air-gaps whose reluctance is varied. Moreover, 
by placing opposite poles on the two sides we have 
reduced the steady flux which the armature hasto carry, 
leaving only the residual or alternating flux. Hence 
the armature may actually be lighter in & than in 7. 
Again, the rocker type armature has an advantage over 
the translation type armature in which both ends move 
in the same direction. It is only the motion of the ends 
of the armature opposite the poles which is effective to 
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produce flux change. In the translation type all parts 
of the armature move equally, whereas in the rocker 
type, the middle has only slight motion for a given 
motion at the ends. 

We have now reduced the choice to the half rocker as 
compared with the full rocker. The middle of the 
armature of the full rocker is a point of constant mag- 
netic potential. If we imagine the armature cut in two 
and only the upper end moved, we should still get as 
much flux change through the upper end of the armature 
as we did in the full rocker, provided we could keep the 
lower end of the moving portion at constant magnetic 
potential. In other words, we might say that in the 
full rocker type the motion of the upper half gives rise 
to the flux change and that the motion of the lower end 
is required to keep the middle at constant magnetic 
potential. In the half rocker the pivot end of the arma- 
ture can be kept at nearly constant magnetic potential 
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by making the reluctance of the air-gaps at this end 
low compared with that of the gaps at the moving end. 
For example if the reluctance of the gaps at the pivot 
end is equal to that of the moving end gaps the flux 
variation will be half as much as in the full rocker, 
while if the pivot end gaps have one-fourth the re- 
luctance of the moving end gaps, the flux variation in 
the armature will be eight-tenths as much as in the full 
rocker. This assumes negligible magnetic potential 
consumed in the armature and pole pieces, compared 
with that used in the gaps. It appears then that the 
half rocker is not necessarily at great disadvantage 
compared with the full rocker from the magnetic stand- 
point, and we shall see that it lends itself better to 
meeting the mechanical design requirements. The 
foregoing comparison of magnetic systems does not 
take into account the possible power output of the 
winding, nor is the elastic stiffness required to hold the 
armature in its mean position allowed to weigh in the 
choice. The comparison is wholly from the standpoint 
of obtaining the maximum open-circuit voltage with the 
minimum effective inertia of moving parts. 

It is desirable that the magnetic reproducer shall 
utilize needles of about the size already in use. This 
means that the needle clamping screw must be within 
about 5 in. of the record. The screw is a potential 
source of trouble, first because it adds mass to the mov- 
ing system and secondly because it has its own natural 


Fig. 5—Magnetic PHonocraru Pick-Up as MANUFACTURED 


frequency of vibration which reacts on the motion of the 
armature producing both an anti resonance and a 
resonance. If the screw is very short and stiff its 
natural frequency may be high enough to avoid detri- 
mental effect, but the problem may then be to make it 
conveniently accessible. The types of device shown 
in Fig. 1 depend on using a short stiff screw. In designs 
of the type shown in Fig. 1B the set screw was accessible 
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but these devices were found to depart too far from rigid 
structures, and high-frequency resonances resulted 
with almost complete loss of the frequencies above 
the resonance. In the type of reproducer shown in 
Fig. 1c the set screw is difficult to reach owing to the 
presence of the coil and pole pieces. Alternatives 
to the set screw were considered, but a more satisfactory 
solution appeared to be the location of the screw in the 
axis of rotation. In this position it can be made as long 
as desired and no effect of screw resonance has been 


Fic. 6—Macnetic PHoNoGRAPH REPRODUCER AND Parts © 
observed. Placing the screw in the axis of rotation 
practically necessitates the half rocker rather than the 
full rocker construction, since the length of standard 
needles is such that the armature cannot extend far 
enough below the set screw to afford room for a coil and 
pole pieces. 

Fig. 5 and 6 show the construction of a successful 
design of magnetic reproducer of the half rocker type. 
The armature is designed to have the smallest possible 
moment of inertia consistent with an adequate magnetic 
section and moderately large amplitude of movement 
of the upper end. In order that the axis of rotation may 
coincide with the screw and pivot axis at all frequencies, 
the armature is designed to have the center of gravity 
of the armature and needle coincide approximately with 
the pivot. The method of pivoting is unusual. In order 
that rotation might take place about the screw axis a 
journal type of bearing was desired, but all rubbing 
friction must be avoided in acoustic devices if distortion 
is to be obviated. Hence instead of having the shaft 
rotate within a journal with sliding friction, a film 
of rubber is interposed. This permits small rotation 
in either direction without friction but with a slight 
energy loss, more nearly resembling viscous damping, 
which is desirable. Objection might be made that such 
a pivoting system would permit translation as well as 
rotation. The objection may be answered in two ways. 
In the first place the yield of a sheet of rubber to direct 
compression is very slight. Rubber yields very readily 
in shear, and this permits rotation. It also yields 
easily in compression when it can expand freely in a 
lateral direction, but when a thin sheet of rubber 
completely fills the space between two surfaces whose 
dimensions are large compared with the thickness of the 
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rubber, compression becomes very difficult. In the 
second place a slight translation would do no appreciable 
harm, having the effect simply of shifting the center of 
rotation by a small amount, which does not materially 
reduce the output. Experience so far with this 
method of pivoting has shown it very satisfactory. 

While the rubber packed journal provides a restoring 
force, whose magnitude depends on the shape of the post 
and thickness of the rubber, it is not sufficient to hold the 
armature in neutral position when a strong magnet is 
used. It was necessary to provide a supplimentary 
elastic restoring force in the form of rubber plugs on 
either side of the “‘fish tail’ or moving end of the arma- 
ture. The rubber plugs provide not only the needed 
stiffness or stabilization but a very useful degree of 
damping. 

For the purpose of making a simple analysis of the 
mechanical properties of the structure we may treat the 
arrangement as a flexible needle, a rigid rocking beam, 
with a spring tending to hold the rocker in normal 
position and an energy absorber in conjunction with the 
spring. Such a system is illustrated in Fig. 7. A 
certain motion is assumed to be imparted to the needle 
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tip A, and we are concerned with the motion of the 
end T of the armature. 
Let J = movement of inertia of the armature 
n = stiffness of needle, that is the force at A 
required to deflect end of needle a given 
amount, (dynes per centimeter) 
1 = distance from pivot to needle point (centi- 
meters) 
= distance from pivot to end T of armature 
= stiffness of restoring spring at 7’ (dynes per 
centimeter) 
= resistance factor at JT, (dynes per unit 
velocity) 
= frequency 
= out fi, 
= amplitude of motion at needle tip 
= instantaneous deflection at the needle tip 
= amplitude of motion at end 7 
instantaneous deflection at point T 
angle of deflection of armature from mean 
direction. 


8 is always small so that 
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P =maximum force applied at A 
p = instantaneous force applied at A. 
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The driving moment is p | 
ee ; dé 
The resisting moment ism (s m @) + m ( Rm ry 


The difference between these two moments is ex- 
pended in accelerating the armature 

d, 6 

ORE 

The problem is most easily solved if we assume a 


sinusoidal motion at 7’ and find the force and motion at 
A required to produce it. 


Mf =pl—-sm@—Rm 7d (1) 


Assume « = X cos 27 ft = X cos @% (2) 
2 xX 
i= ig se COS wt (3) 
d @ ] 
pn a ee wt (4) 
dy 6 xX 
Fm aot w? COS w t (5) 


Substituting (3), (4) and (5) in (1) gives 


x 
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ww? 


se ) cos wt-XRmwsinwt (6) 


pl -X(sm-I 


x L@ : 
p = ie (sm — iS ) cos wt— Rm w sin wt 


(7) 

The deflection at the needle tip is the sum of that due 

to the tipping of the armature and that due to the bend- 
ing of the needle. 


a=10+ = (8) 


or from (3) and (8) 
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Or considering amplitudes only 
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Equation (12) shows the manner in which the re- 
sponse will vary with frequency. For uniform response 


xX 
— should be constant or independent of w. As was 


A 
stated in an earlier paragraph this condition will be 
realized (1) if the structure is rigid or (2) if the structure 
is what we might call a spring potentiometer. A 
rigid structure would mean making the needle stiffness 
nm infinite. This would make equation (12) become 
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or the motions at the two ends are proportional to the 
lever arm lengths. 
Again if the inertia and damping are zero we obtain 


xX 
a constant ratio (OL aes for equation (12) becomes 


7 eS | sm a 


m nl 


in which all the factors are constants. 
In equation (12) we see that at a certain frequency 
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or value of w, the factor ms _s will 
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become zero. At this frequency —,— will have a max- 


A 
imum value which is limited only by the damping. 
‘ l cS Lo me : 

Setting ees ox omy, emul te zero in equa- 
tion (12) gives 
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In general damping does not play an important part 
except near the resonant frequency. The inertia 
becomes a minor factor when the frequency is well 
below that at which resonance occurs, so that in the 
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lower part of the frequency range the ratio 
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proximates the constant value shown in equation (14). 
The construction of a reproducer in which distortion is 
reduced to a negligible quantity, therefore depends on 
making the resonance occur at a frequency so high that 
the most important part of the acoustic range is in- 
cluded below the resonance. It is furthermore neces- 
sary that there be sufficient damping so that the 
response at the resonance frequency is not excessive. 
It is to be noted that the resonance frequency is de- 
termined by the inertia of the armature and the restor- 
ing force not of the spring or cushions alone, but the 
combined stiffness of the springs and the needle. The 
natural frequency of the armature with the needle 
free has practically nothing to do with the response 
characteristic of the reproducer. ‘The resonance cor- 
responds to the natural frequency of the armature when 
the needle tip is held stationary. The action at 
resonance might be described as a whipping, such that a 
small movement at the needle tip causes large motion of 
the armature. Below resonance we may regard the 
vibrations as entirely forced by the cut in there cord 
both as to amplitude and frequency. 

To obtain a high resonance frequency, the first 
requisite is to make the moment of inertia of the 
armature small. At the same time the moving end of 
the armature must be far enough from the center of rota- 
tion to vibrate with considerable amplitude, and from 
the standpoint of magnetic design the cross-section 
of the armature must be sufficient to have low reluctance 
and to avoid any possibility of saturation. In practise 
it was found that the last mentioned conditions were 
met when the armature was made heavy enough for 
mechanical sturdiness and long enough to provide 
reasonable winding space. Special care has been 
taken to minimize the mass of those parts of the arma- 
ture which have greatest motion, metal which is close 
to the axis of rotation having little influence on the 
moment of inertia. 

The second requisite for high natural frequency is 
stiffness either in the spring or the needle or both. 
Reference to equation (14) which throughout most of 
the frequency range is a measure of the response, shows 
that if we increase the spring stiffness s, we decrease the 
sensitivity, while increasing n, the needle stiffness 
increases sensitivity up to a certain limit. It might 
seem, therefore, that the stiffest needle obtainable 
should be used, and the spring stiffness should be only 
what is required to hold the armature in neutral 
position. But the effect on sensitivity is small so 


long as the fraction ai is small compared with ——, 
and damping is best when a “soft’”’ needle is used, 
for the following reason. The needle is a_ highly 
resilient spring, whereas the spring S which in the 
present design consists in a pair of rubber plugs, has 
a large damping factor. In fact the damping R, 
and stiffness s, go together. With a given value of s 
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and Rk, the stiffer the needle the greater the resonance 
response, as shown in equation (15). Hence we work 
with the largest ratio of cushion stiffness to needle 
stiffness which we can use without serious loss of 
sensitivity. A factor which helps make it possible to 
get the desired damping without excessive stiffness at s, 
is the presence of the magnet, which tends to pull the 
armature away from neutral position and thereby 
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Fig. S—CaLcuLaTeD CHARACTERISTICS OF MAGNETIC 
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reduces the net stiffness to considerably less than the 
value it has when the magnet is removed. 


Measurements on a sample magnetic reproducer gave 
the following values of the principal constants. 

Mass of armature with Victor medium needle 1.9 
grams. 

Moment of inertia of armature and needle J = 0.28 
gm. em.? 

Length, center of rotation to moving end of armature, 
adem: 

Length, center of rotation to tip of needle (Victor 
medium) / = 1.5 cm. 

Stiffness of armature mounting (assumed concen- 
trated at end) s = 70,000,000 dynes per cm. 

Same with magnet removed. 90,000,000 dynes 
per em. 

Stiffness of needle (Victor medium, clamped for 
34 in.) nm = 86,000,000 dynes per em. 

Damping factor as calculated from observed increase 
in response at resonance, R = 3720 dynes per cm. 
per sec. 

Fig. 8 shows characteristics calculated from the 
above constants. It will be noticed that the required 
driving force at the needle tip has a minimum value at 
2800 cycles. This is the natural frequency of the 
armature when the needle is free. It is also to be 
observed that the armature resonance at 5000 cycles 
is accompanied by an increase in the force reaction. 
Hence damping to keep down the resonance not only 
improves the response characteristic, but reduces the 
wear on the record. 

Fig. 9 shows response curves of several factory 
samples of reproducers, taken by means of an oscillo- 
graph. The oscillograph vibrator is supplied from the 
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output stage of a resistance coupled amplifier. The 
film is run slowly and the width of the envelope of the 
vibrat ons is a measure of the voltage applied by the 
reproducer to the grid of the first tube. The record 
used for this test is one cut by a special process so as’to 
give an amplitude of cut varying inversely as the fre- 
quency. In other words a constant: velocity cut is 
used. The approximate frequencies are indicated on 
each fim. A slight increase in voltage is noticed toward 
the upper end of the frequency scale, followed by a drop 
to almost zero, for in all cases the output falls off very 
rapidly above the resonance frequency. 

Scratch Control Circwt. Any exaggeration of the 
high frequencies produces a disagreeable increase in 
“surface noise’ or ‘“‘scratch.’”’ It has appeared de- 
sirable in fact to partially suppress the higher fre- 
quencies in order to reduce scratch. This has been 
accomplished by connecting a coil and condenser in 
series across the reproducer winding.? This shunt 
circuit tunes at about 4500 cycles but has a decided 
effect at 3500 cycles and above. The width of the 
frequency band affected may be controlled by varying 
the ratio of capacity to inductance, while the degree of 
suppression for the frequency at which the reactance is 
minimum, is determined by the resistance of the coil. 
The suppression of high frequencies is at the cost of 
some articulation in speech but on the whole gives a 
more pleasing result, particularly with musical numbers. 


Fre. 


9—RELATION BETWEEN VOLTAGE AND FREQUENCY FOR 
MaGnetic REPRODUCERS 


Tone Arm Vibrations. The foregoing analysis of 
the action of the reproducer is based on the assump- 
tion that the device as a whole remains stationary 
with respect to the axis of the groove in the record. 
This condition, however, does not necessarily ob- 
tain. The net stiffness at the needle tip which is 
1/(?/m? s + 1/n) is sufficient to resonate with the mass 
of the entire reproducer at a frequency of the order of 
150 cycles. Since the reproducer is fairly rigidly 
mounted on the tone arm, the inertia, flexibility, and 


7. The ‘‘scratch control” cireuit which is being used was a 
contribution of Mr. Julius Weinberger of the Technical and Test 
Department of the Radio Corporation of America. He also 
built the first magnetic reproducer of the bottom-pivoted half 
rocker type. This model which showed excellent characteristics, 
served as the basis for the design described in this paper. 
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mechanical damping in the latter play a part in this 
type of resonance. Flimsy construction of the tone 
arm or its mounting gives rise to an irregularity in the 
response at low frequency, which while not an extreme 
resonance nor especially noticable in listening is 
nevertheless a defect. Rigid construction and es- 
pecially some energy loss at the pivot on which the arm 
swings, appear to be a practically complete cure for low 
frequency resonance of the type just described, and with 
such a satisfactory carriage the response becomes 
practically uniform from below 100 cycles to above 
4000 cycles. 
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A. I. E. E. Standards 


Annual Report of the Standards Committee’ 


To the Board of Directors: 


The Standards Committee has continued actively the 
revision of the Standards of the Institute, both as to 
form and content. In 1922, the Institute published its 
Standards in a volume of nearly 200 pages, divided into 
26 chapters, with an appendix in which are reprinted 
the Rules for Electrical Machinery of the International 
Electrotechnical Commission. Soon after this edition 
was issued the Standards Committee was reorganized 
by the Board, and a revision was begun which involved 
the splitting up into separate sections the existing 
Standards, rearranging the material, and bringing 
together into separate complete compilations, the defi- 


1. Committee on Standards 


J. Franklin Meyer, Chairman, Bureau of Standards, Washington, D. C. 
H. E. Farrer, Secretary, 33 W. 39th St., New York. 


H. A. Kidder, H. S. Osborne, C. E. Skinner, 

A. M. MacCutcheon, F. L. Rhodes, W.I. Slichter, 

F. D. Newbury, L. T. Robinson, R. H. Tapscott. 
Ex Officio 


Chairmen of Working Committees. 
Chairmen of delegations on other standardizing bodies. 
President of U. 8. National Committee of I. E. C. 


nitions, service conditions, rating, heating, dielectric 
tests, markings and other requirements applicable to 
any particular type of apparatus or brand of the art. 


Thirty sections have been definitely projected of 
which 23 have been issued, 7 arein preparation. Of the 
23 issued 2 are reprinted without change from the 1922 
edition of the Standards, but one of these sections is 
now in a revised report form for comment and criti- 
cism, and will shortly be issued. Five of the revised 
Standards have been approved as American Standards 
by the American Engineering Standards Committee, 
and other sections are now before that committee for 
consideration. A complete list of Standards adopted 
and in preparation is given below as an appendix to 
this report. 

The revised form of the Standards has justified itself 
in the ease with which revisions may be made in the 
published sections. The sections are published in 
comparatively small editions, and revisions are readily 
made and a new edition printed without much expense 


1050 


or difficulty. Several of the Standards have been 
revised in this way. Monthly lists of the Standards 


available are published in the JOURNAL of the Institute..: 


The Standards Committee is charged with the coordi- 
nation of all the standardization activities of the Insti- 
tute. The Committee has made recommendation to 
the President and Board of Directors upon all cases of 
representation of the Institute upon Sectional Commit- 
tees working in accordance with the procedure of the 
American Engineering Standards Committee; upon 
acceptance of and requests for sponsorship by the 
Institute; and has cooperated very closely with the 
United States Committee of the International Electro- 
technical Commission. The cooperation of the com- 
mittee with the technical committees is being made 
closer and more effective. The chairman of each 
technical committee, or a member of the committee 
designated by the chairman, is a member of the Stand- 
ards Committee. Several of the Standards have been 
formulated by technical committees and accepted by 
the Standards Committee, and in other cases subcom- 
mittees of technical committees have been made the 
working committee on specific standardization projects. 

By direction of the Board, certain Standards have 
been translated into the Spanish language under the 
very able supervision of Past President Mailloux. The 
translation of 19 of the standards has been completed 
and 13 have been published by the Bureau of Foreign 
and Domestic Commerce of the U. S. Department of 
Commerce. By July 1, it is expected that all of the 
translated sections will be in print. The Spanish 
edition is printed in the same style and in the same size 
as the English edition. The translation has been 
received with interest by engineers in Spanish-speaking 
countries of South America. The Institute is very 
much indebted to the Bureau of Foreign and Domestic 
Commerce for the excellent manner in which the Span- 
ish text has been published, and for the fine cooperation 
that exists between the Bureau and the Standards 
Committee. American electrical manufacturers will 
no doubt find this Spanish edition of considerable value 
in business relationships in Spanish-speaking countries. 


The committee has cooperated to the fullest extent 
with the American Engineering Standards Committee, 
the International Electrotechnical Commission and the 
Standardization activities of other organizations. In 
the formulation of Institute Standards, the committee 
has endeavored to enlist the fullest cooperation of all 
other organizations interested in electrical standardiza- 
tion. Standardization work as now organized in the 
electrical field, is somewhat complex, and there is of 
necessity a certain amount of unavoidable overlapping. 
It is believed, however, that very good progress is being 
made as represented by the present Standards of the 
Institute. 


Sections of A. I. HE. E. Standards 
No. 1 General Principles upon which Temperature 
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Limits are Based in the Rating of Electrical 
Machinery. 

5 Standards for Direct-Current Generators and 
Motors and Direct-Current Commutator 
Machines in General. 

7 Standards for Alternators, Synchronous 
Motors and Synchronous Machines in 
General. 

*8 Standards for Synchronous Converters. 

9 Standards for Induction Motors and Induction 

Machines in General. 
10 Standards for Direct-Current and Alternating- 
Current Fractional Horse Power Motors. 
11 Standards for Railway Motors. 
18 Standards for Transformers, Induction Regu- 
lators and Reactors. 
*14 Standards for Instrument Transformers. 
*15 Standards for Industrial Control Apparatus. 
16 Standards for Railway Control and Mine 
Locomotive Control Apparatus. 
19 Standards for Oil Circuit Breakers. 
22 Standards for Disconnecting and Horn Gap 
Switches. 
30 Standards for Wires and Cables. 
33 Standards for Electrical Measuring Instru- 
ments. 
384 Standards for Telegraphy and Telephony. 
36 Standards for Storage Batteries. 
Standards for Illumination. 
38 Standards for Electric Are Welding Apparatus. 
39 Standards for Electric Resistance Welding 
Apparatus. 
41 Standards for Insulators. 


*42 Standard Symbols for Electrical Equipment of 
Buildings. 
*46 Standards for Hard Drawn Aluminum 
Conductors. 
Sections in Preparation 
No. 2 Standard Definitions and Symbols. 


4 Standards for the Measurement of Test 
Voltages in Dielectric Tests. 
20 Standards for Air Circuit Breakers. 
26 Automatic Substations 
28 Standards for Lightning Arresters. 
45 Recommended Practise for Electrical Instal- 
lations on Shipboard (Marine Rules). 


Now that radio has entered the business of trans- 
mitting pictures and messages by the square inch 
instead of by dots and dashes, it is interesting to note 
that within its first year of operation the speed of trans- 
mission has been doubled. Whereas last year 40 min- 
utes were required for a single photograph of standard 
size, today it can be done commercially in 20 minutes. 
Under laboratory conditions the same accomplishment 
has taken but two minutes. 


*Approved by A. E. 8S. C. as American Standard. 


Coupling Capacitors for Carrier Current 
Applications 


BA) Vass 


RK. BELT: 


Member, A. I. E. E. 


Synopsis.—Coupling to high-voltage transmission lines for 
purposes of carrver-current communication was first universally 
made by means of coupling wires. This type of coupling usually 
required high-power transmitting equipment, but when coupling 
capacitors were substituted it was possible to reduce the carrier 
input to the line without affecting the received signal strength. The 
paper gives an approximate method for determining the effectiveness 
of coupling wires and coupling capacitors.» No attempt is made at 


refinements in calculations as it is only desired to show the effect of 
stray capacity. Curves show the change in practise from coupling 
wires to coupling capacitors. Itis estimated that by the early part of 
1928 the total number of the two types of coupling will be equal. 
The electrical characteristics for different types of insulation used in 
coupling capacitors, based on test results is given. Some important 


points of design for the new cable capacitor are included. 
* * * * * 


APPROXIMATE METHOD FOR DETERMINING 
EFFECTIVENESS OF COUPLING 


simple mathematical treatment only is necessary 
to show the effect of stray capacity. From 
experimental data it has been determined that 
the impedance of a single long transmission line to car- 
rier frequencies is of the magnitude of the surge im- 
pedance of the line, and that this high-frequency 
impedance acts as a straight ohmic resistance load. 
It has also been shown that ground losses are relatively 
small for interphase coupling. In the following calcu- 


Power Conductors 
B 12ft—-#={——12/t.— > oc 
Conductors 0.5in. 
10ft. Diameter 
A 


Coupling Wires 


4OFL. 


eS Ground Plane 


Fig. 1—Dzracramatic ILLUSTRATION OF COUPLING-WIRE 


INSTALLATION 


lations, therefore, the carrier-frequency impedance of 
the transmission line will be treated as a resistance and 
the ground resistance will be neglected. 

Fig. 1 is a diagramatic representation of a coupling 
wire installation. It is assumed that the power conduc- 
tors are horizontally spaced on 12ft. centers and the two 
coupling wires are 10 ft. below the two outside power 


1. Engineer, General Electric Co., Schenectady, N.Y. 
Presented at the Pacific Coast Convention of the A. I. E. E., 
Del Monte, Calif., Sept. 13-16, 1927. 


conductors. The ground plane is assumed to be 40 ft. 
below the coupling wires. For such a coupling-wire 
installation, the useful capacity between a 1500-ft. 
coupling wire and the power conductor is approximately 
the capacity between A B minus the capacity of A C, 
which is: 
C, = 0.00205 — 0.00027 wf. 

The stray capacities A D and A EF between the coupling 


C= .00027 Mfd. 


“Go1emed 
: : r=500 Ohms 
C3=.00027Mfad: 
§:60000Cycles 
Fic. 2—EQUIVALENT Circuit FoR COUPLING-WIRE 
INSTALLATION 


wires and to ground are of the order of 0.0018 uf. 
The equivalent circuit of this coupling-wire installation 
is represented in Fig. 2. 
Let 
Carrier frequency 
= 60,000 cycles. 
_ Applied carrier-frequency potential 
= 100 volts. 
Stray capacity between coupling wires and 
ground 
= (0018 hu f. 
= 1470 ohms at 60,000 cycles. 
C, = Effective capacity of one coupling wire to the 
power conductor. 
= 0.00027 wf. 
= 9800 ohms at 60,000 cycles. 
Cy 
= 0.0002 (Fu4: 
= 9800 ohms at 60,000 cycles. 
ry) = Equivalent’ high-frequency resistance of the 
transmission line. 
= 500 ohms. 
Impedance using coupling wires. 
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Z' = Impedance using coupling capacitors. 
Then for coupling wires (Fig. 2): 
Zi 2» 
Z = = 
ZAi+ Ze 


Where 
Z, = o—j 1470 


Z. = 500— 7 (2 X 9800) = 500 — 7 19600 
Then 
Z = 674— 71860 
And 
Ye oe /67.42 ig 13602 
= 1360 ohms. 
Therefore 
E 
ig 7. 
100 


= 7360 0.07387 amperes fed 


into network 


where coupling wires are used. 

With properly designed and installed coupling ca- 
pacitors, the stray capacity effects are very small and 
vary considerably with each particular installation. 
By properly arranged circuits, the capacitance between 
lead-in wires is relatively small. The stray field be- 
tween units is also small with proper mechanical 
spacing. Therefore, we will neglect these stray 
capacities for purposes of calculating the current re- 
quired using coupling capacitors. 

Fig. 3 represents the equivalent circuit fora coupling- 


C_*.00027Mfd. 


Ly 


-79=500 Ohms 
C4=.00027Mfd. 


$60000 Cycles 


3—EHQUIVALENT CIRCUIT FOR COUPING-C APACITOR 
INSTALLATION 


Fig. 


capacitor installation. In order that the calculations 
may be compared directly with those obtained using 
coupling wires, the same effective coupling to the power 
conductor is assumed as before. 


Thus for coupling capacitors (Fig. 3): 


Z' = 500-7 19600 
Z' = 4/500? + 19600? 
= 19600 ohms. 

Hence 
E 
= ie 
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100 


=1 F(OCjons 0.0051 amperes fed into network 


where capacitors are used. 
We will define the effectiveness of coupling as a per 
cent ratio: 


Useful Current 


‘ Total Current > at 
Then 
y 0.0051 100 
= 0.0737 * 
= 6.92 per cent for coupling wires. 
vi ae 0.0051 ‘it 
= 0.0051 * 


= 100 per cent for coupling capacitors. 
As previously stated, there is a small stray-capacity 


i= 


Carrier Current Installations in United States 
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Fig. 4—Curves SHowine NuMBER oF CARRIER-CURRENT, 
INSTALLATIONS, Usina Covurning WIRES AND COUPLING 
CAPACITORS IN THE UNITED STATES 


effect when coupling capacitors are used and, therefore, 
the effective coupling is not actually 100 per cent, but 
is believed to lie somewhere between 80 and 100 per 
cent. 
CHANGE IN COUPLING PRACTISE 

From the relative effectiveness of coupling wires 
and coupling capacitors, it is not surprising that the 
change in practise from coupling wires to capacitors has 
been rapid. Up to the beginning of the year of 1924 
there were no coupling capacitor installations in the 
United States. Fig. 4 shows the number of carrier- 
current installations using coupling wires and capaci- 
tors. ‘Out of a total of 43 installations at the beginning 
of the year of 1924, all used coupling wires. At the 
end of 1924, there were 11 installations using capacitors 
and 97 using coupling wires. At the close of 1927, 
it is estimated there will be 1380 installations using 
coupling capacitors and 1 5 installations using coupling 
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wires; and that in the early part of 1928 there will be as 
many carrier-current installations using coupling ca- 
pacitors as those using coupling wires. 


TYPES OF COUPLING CAPACITORS 


Four distinct types of coupling capacitors are manu- 
factured in the United States: 


1. Mica 

2. Porcelain 

3. Oil Filled Cable 
4, Oil Filled Tank 


Both the mica and the porcelain type use low-voltage 
unit construction, that is, the individual units are rated 
at a definite voltage and capacity. For higher voltage 
installations series-parallel combinations are used for 
obtaining the proper voltage and capacitance rating. 
Some of the characteristics of capacitors, using these 
different types of dielectrics, are tabulated as follows: 
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ments. The cable capacitor, Fig. 6, consists of a short 
length of paper-insulated oil-filled cable bent intoa loop, 
the free ends of which arestripped of their lead sheaths and 
brought up through wiping sleeves and electrostatic 
shields into a porcelain shell, where they terminate in a 
common terminal. The lead sheath of the cable is 
attached to the carrier-current output transformer. 
The whole structure is filled with vacuum-treated oil 
and hermetically sealed from the atmosphere, so that 
changing weather conditions do not affect in any way 
the dielectric strength of the insulation. An expanding 
metallic reservoir is attached to the capacitor which 
takes care of the expansion and contraction of the oil 
caused by temperature changes. 


Fig. 6 is a cross-section drawing showing the general 
details of construction of the cable capacitor for 110,000- 
volt service. 


These capacitors may be mounted on the transmission 


TABULATION OF TEST DATA TAKEN ON 0.001 xf. COUPLING CONDENSERS USING VARIOUS TYPES OF DIELECTRICS 


Power-factor 
per cent Flashover Flashover Impulse 
Voltage at 1000 60 cycles wet 60 cycles dry Strength Impulse 

Condenser Type insulation rating cycles r.m. s. volts r.m. s. volts Crest kv. ratio 

1 Mica 110,000 0.10 585,000 800 0.97 

2 Porcelain 132,000 1.670 284,000 300 /400 0.75/0.99 

3 Oil-filled cable 110,000 0.500 293,000 319,000 800 1.78 

4 Tank type (oil and barriers) 110,000 0.500 260,000 355,000 1000/1100 1.99/2.19 


On account of lower first cost for medium voltages, 
the mica and porcelain capacitors have been generally 
installed on circuits up to and including 66 kv. The oil- 
filled cable capacitor has a field of application for poten- 


Fic. 5—Tanx-Capacrtor INSTALLATION ON SOUTHERN 
CALIFORNIA EpISsoN SYSTEM 


tials above 66 kv. The oil-filled tank capacitors are 
available for 110-kv., 132-kv., and 220-kv. circuits. 
The 100-kv. and 220-kv. sizes have been in service for a 
period of approaching two years on several systems 
throughout the country. Both the Pacific Gas and 
Electric and Southern California Edison systems are 
equipped with 220-kv. capacitors. 


CABLE CAPACITORS 
The cable and tank capacitors, Fig. 5, are new develop- 


2. For purposes of brevity it has been necessary to omit 
the description of the tank capacitor but it is planned to present 
a paper on this type of capacitor at a later date. 


tower by providing a suitable structural-steel bracket, 
placed on a base mounting as shown in Fig. 6A, or set up 
on a framework depending upon the particular require- 
ments of the customer. In the majority of cases the 


Kia. 6—Casie Coupina Capacitor ror 110-Kv. TRANSMISSION 
SYSTEM 


operator will wish to mount the unit outdoor on the 
steel transmission tower, since the weight of the 
eapacitor—1000-lb.—permits this, and it may be thus 
placed in a very convenient position at a minimum cost. 
Connection to the line is then simple and direct; the 
unit is far enough up so that no surrounding fence is 
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required to protect against marauders, and periodic 3s iy 
examination is not handicapped. 

The voltage of cable-type capacitors is limited only 
by the voltage rating of available cable. Atthepresent 
writing, the highest voltage commercial cable is 182 kv., 
but 154-kv. cable is now being built for capacitors of 
this rating, and specifications on 220-kv. cable for a 
proposed 220-kv. cable-type capacitor have been 
prepared. For the time being, it is not contemplated 
that the cable-type capacitor will be developed for 
voltages below 66 kv. because at the lower voltages 
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the cost is higher than for some other types of exh tl. 
capacitors. SLIDE PIN | : 

The porcelains used on these units are similar to those | r 
used for standard oil-filled bushings for power appara- iG 
tus; so that uniformity of practise in this respect is ; 
preserved. 


At first glance it might appear that cable capacitors 
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Fig. 64—FRAMEWORK MovuntTING FoR CaBLE CAPACITORS 


have considerable inductance due to the loop of cable, 
but a little thought shows that there is no external 
magnetic field if connection to the lead sheath is made 
at the top, for then at every cross-section of the cable 
the current in sheath and conductor is of the same 
magnitude, and the magnetic flux is therefore confined 
to the space between conductor and sheath. On the 
assumption of a linear distribution of current from the 
terminal to the low point of the cable loop where the 
current is zero, (for reasons of symmetry), the total 
stored magnetic energy corresponds to an equivalent 
inductance equal to only 1/12th that between the 
conductor and sheath of the active length of cable 
employed. This is about 5 x 107° henry per ft. 
The specially treated paper used in the construction 
of this cable gives it a capacitance of about 73.2 x 106 
uf. per ft. Therefore less than 14 ft. of cable has Fig. 7—Cross-Section or Caste Capacitor 
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the required capacitance of 0.001 uf. for coupling 
purposes. From 75 per cent to 85 per cent of the total 
capacitance is in the external loop of cable for the 0.001 
wf. units. 

In the manufacture of cable capacitors it is important 
that the bending of the cable be done without wrinkling 
the paper dielectric. For this reason bending forms are 
used for shaping the cable loop. The transition from 
the several lead sheaths of the cable is effected by 
applying (on a taper) varnished cambric tape over- 
laid with copper braid until a diameter is reached 


Shield Pretre ated V. C. Tape - 


ee Wiping Sleeve 


Fig. 8—InTERNAL ConsTRUCTION oF CABLE CaPpacIToR 


at which a layer of oil may be introduced without 
exceeding the allowable radial gradient for oil, see 
Fig. 8. At this diameter a smoothly flared conical 
shield continues the metal surface until it intersects 
the wall of the casing. The function of this shield is 
to increase the thickness of the oil layer at such a 
gradual rate that excessive longitudinal stresses are 
avoided. When the flare of the shields has opened out 
to a sufficient diameter, the varnished cambric is again 
tapered down to the surface of the cable paper. A small 
porcelain spacer is inserted to preserve the proper spacing 
and then a double wrapping of varnished cambric tape 
applied to serve both as a mechanical binder and to 
relieve the radial stress on the oil, which increases as the 
ground shield inside the bushing shell is approached. 

The sheet-iron casing is oval shaped at the bottom 
where it bolts to the wiping sleeves, and then gradually 
changes to a circle at the top where it meets the bushing 
shell. The shape and dimensions of this casing have 
considerable influence on the design. The slope of its 
walls must not differ enough from the slope of the insu- 
lation as to cause excessive longitudinal gradients, and 
must have sufficient clearance to prevent excessive 
circumferential stresses. 

It is important that there always be a positive oil 
pressure inside the capacitor, so that no air or moisture 
can enter. For this purpose a pressure reservoir, 
actuated by an internal mechanism, keeps the oil under 
a pressure above that of the atmosphere. The reservoir 
is filled at the factory in such a manner as to compen- 
sate for the yearly temperature variation at its 
destination. 

On the end castings of the pressure reservoirs there are 
four small radially projecting guides, which center the 
reservoir inside its sheet-iron cover. This cover has two 
celluloid windows through which the position of the 
reservoir may be observed. A terminal is welded to the 
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top of the reservoir cover, for connection to the trans- 
mission line. 


VACUUM TREATMENT AND OIL FILLING 

In a piece of apparatus of this kind intended for 
satisfactory operation over an indefinite period of time 
without attention, except for an occasional inspection, 
it is of primary importance that its interior insulation 
be absolutely free from moisture and air. For this 
reason, hermetically sealed cable capacitors are sub- 
jected to a very elaborate and efficient system of factory 
inspection and vacuum treatment. The bushing shell, 
casing, and pressure reservoir are individually tested 
with oil under pressure. During assembly every 
precaution is taken to keep the internal parts clean 
and free from moisture or foreign material. 

When the capacitor has been assembled, a connection 


Fic. 8a—PartTiaLLy ASSEMBLED CABLE CAPACITOR 


to a vacuum pump is made at the top of the bushing, 
with the pressure reservoir removed. A vacuum of 
200 to 500 microns’ absolute pressure is maintained 
during the treatment, at the end of which the capacitor 
is ready for filling with No. 10-C transil oil at 120 deg. 
cent. which has been kept at that temperature and 
under vacuum for 20 hours previous to the filling of the 
capacitor. This oil must test 30 kv. or better between 
one inch diameter disks spaced 0.1 in. apart. 

During the entire vacuum treatment the temperature 


3. There are 25,000 microns per inch of mercury. 
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of the cable is maintained at 100 deg. cent. on the outer 
lead sheath and at about 140 deg. cent. on the conductor 
by circulating currents in the cable as the secondary of a 
transformer. 

The filled capacitors are allowed to cool for several 
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hours under a pressure head of 5 lb. per sq.in. After 
cooling, they are disconnected from the oil and vacuum 
system and hermetically sealed with their pressure 
reservoirs. Before sealing, the reservoirs are expanded 
by oil pressure to the necessary height. 


Marmne Work 


Annual Report of Committee on Applications to Marine Work* 


To the Board of Directors: 


The committee in making its report this year does so 
with a feeling that its efforts to raise the standards of 
marine electrical installations and increase the utiliza- 
tion of this most efficient, flexible, and safe form of 
energy, appear more assured than at any time before. 

The untiring efforts of the committee as a whole, 
and individually of the members, with the section of the 
industry they represent, have, by the dissemination of 
information, removed to a large extent the opposition 
and indifference to electric drives, which has been due 
to a lack of information, and experience in the past, 
on the part of the owners and operators. 

An equally deciding factor, and one for which the 
committee hereby desires to acknowledge its apprecia- 
tion, has been the recognition accorded by various 
bodies covering inspection, classification, and insurance; 
viz., United States Government Departments, American 
Bureau, of Shipping, National Board of Fire Under- 
writers, National Fire Protection Association, and 
similar associations, thus establishing complete 
harmony in the endeavor to increase the usefulness of 
electricity, surrounded by the necessary safeguards. 

Electric drive is not only gaining headway in its 
application to deck machinery, engine room auxiliaries, 
and cargo pumps, but also as a means of propulsion 
for tugboats, ferryboats, and all classes of vessels where 
frequent starting and stopping is necessary, and where 
large torques are required at minimum speeds. This 
headway has been due to a careful study of the par- 
ticular application by the designing and operating 
engineers and to the hearty cooperation of the electrical 
manufacturers to build special apparatus, where 
standards were not the most suitable and advantageous, 
and there is every evidence of a continuance of this 
spirit. 

It will be recalled that in 1920, the Institute issued a 

*Committee on Applications to Marine Work: 
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volume, Recommended Practise for Electrical Installations 
on Shipboard, which was accepted and used by a great 
majority of the naval architects, marine engineers, ship 
owners and shipbuilders, and recognized by the Insur- 
ance and Classification Societies as having filled a 
long-felt want. The committee takes pleasure in 
announcing that after three years of close application 
to the study of revision, the Institute will at an early 
date issue the revised edition which represents the 
combined efforts of representatives from United States 
Navy Department, Classification and Insurance 
Societies, electrical manufacturers and _ shipbuilders, 
for which sincere appreciation, by the Institute and the 
committee, is hereby acknowledged. 


Arrangements are being made to give this edition 
wide circulation; first, that it may add to the simplifica- 
tion and standardization movement which is being so 
urgently advocated by the United States Government 
Department of Commerce, and secondly, that the 
Institute’s standards may be universally adopted, 
which ultimately will result in better products of 
uniform manufacture at lower first costs and 
maintenance. cs 


The economic feature of shipbuilding is at a low ebb 
and has not materially changed since the war; further- 
more, there is little hope of any relief until some 
changes are made in our shipping laws. 

Shipbuilders and owners of the United States cannot 
hope to compete with those of any other country, 
owing to material and labor prices. Our shipping laws 
provide protection only in the coastwise trade, and 
necessarily the advantages of electric drives which 
originated, and have been highly developed, in this 
country, have opportunity for demonstration only in 
that class of vessels. 


G. A. PIERCE, Chairman. 


Electric furnaces which are great tubes sunk in the 
ground are used to heat ship’s guns in order to expand 
them to take new barrel linings. In the giant 16-inch 
guns these linings have to be replaced after each 100 
discharges of shells using explosives of war strength. 
They will endure about 300 shots in peace-time target 
practice. The guns are lowered into and withdrawn 
from the furances by electric cranes. 


Abridgment of 


Non-Harmonic Alternating Currents 
BY FREDERICK BEDELL 


Fellow, A. I. E. E. 


Synopsis.—Certain principles are presented for solving non- 
harmonic a-c. problems. Graphical methods are already well 
known for solving practically any problem, when currents and 
electromotive forces are sinusoidal, by vector diagrams in a plane. 
In certain special cases such diagrams give correct results when 


currents and electromotive forces are non-sinusoidal, but in general 
diagrams in more than two dimensions are necessary. A wide 
range of material, some of which has been published before in 
scattered places, is brought into relation; no single general solution 


seems attainable. A Bibliography with 61 references is appended. 


Scope and Limitations of Usual Sine-Wave Assump- 
tion. Itiscommon, in discussing the theory ot alter- 
nating currents, to assume that currents and electro- 
motive forces are simple harmonic functions of the time; 
that is, they are plotted as sine waves. It has been 
found that, for most purposes such a wave is superior 
to a wave that is irregular or complex, which, to dis- 
tinguish it from a simple harmonic wave, may be 
referred to as non-sine, or non-harmonic. The tech- 
nique of alternator design has been highly developed 
with a view to attaining a sine wave of electromotive 
force as closely as possible, the subject being fully 
discussed in many texts and special articles, Bibliog- 
raphy, 33. Methods have been developed for mea- 
suring and penalizing departure from a sine wave and 
much study has been given to the specification of 
allowable limits to such departure, Bibliography, 9, 
43, 44, 46, 47, 58, 61. 

On the sine-wave assumption there has been de- 
veloped a very complete analytical theory of alternating 
currents and, in parallel with it, a graphical method of 
representation and analysis that gives ready and ac- 
curate solution to practically any problem that arises. 
It has been found that harmonically varying quantities 
can be represented as vectors in a plane, and that these 
vectors, by showing the phase and amplitude of the 
several harmonic quantities, completely define them. 
Furthermore, any vector may be resolved into com- 
ponents and, conversely, two or more vectors may be 
added or combined, as in the polygon of forces. Thus, 
a current may be resolved into two components at 
right angles to each other, one a power component in 
phase with electromotive force and the other a reactive 
component in quadrature thereto. Similarly, an elec- 
tromotive force vector may he resolved into its power 
component in phase with current and a reactive com- 
ponent in quadrature, Bibliography, 11. 

Apparent power is the product of the electromotive 
force E and the current J, but real power is the product 
of E, I and a power factor, cos 9, where @ is the angle of 
phase difference between E and J. Real power may, 


1. Professor of Applied Electricity, Cornell University, 
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accordingly, be looked upon either as the product of 
the electromotive force and the power component of 
current or as the product of the current and the power 
component of electromotive force. The product EI 
sin @ is a pulsating reactive power with average value 
zero, where sin @ is the reactive factor and J sin @ is 
the reactive component of current; E’ sin @ is the re- 
active component of electromotive force. 


There is scarcely a circuit problem that cannot be 
solved by methods based upon these principles; the 
whole treatment, however, is based upon the sine-wave 
assumption. 


An exact sine wave, however, is practically never 
obtained from commercial apparatus. In practise, 
currents and electroinotive forces deviate to a greater or 
less extent from a simple sine function of the time. It 
is true that in many cases, though there be this devia- 
tion from a sine wave, conclusions based on a sine-wave 
assumption are sufficiently accurate for practical pur- 
poses; indeed, in certain cases, conclusions thus ob- 
tained are strictly correct and the results are the same 
irrespective of whether we are dealing with sine or non- 
sine waves. In other cases, however, deviation from a 
sine wave causes error in results obtained on a sine-wave 
assumption, and this error may be large or small 
according to the conditions of the problem. A careful 
study of non-harmonic alternating currents, therefore, 
is desirable. 

Complex Wave Represented by Fourier’s Series. Any 
periodically varying quantity, such as we are here 
discussing, can be completely represented by a con- 
stant term and a series of sine terms, of definite ampli- 
tude, phase and frequency. Cosine terms are unneces- 
sary when the phase of each sine term is included. 
The series of sine terms used to represent an irregular 
a-c. wave includes a fundamental, or sine wave of funda- 
mental frequency, and various harmoncs with fre- 
quencies that are odd or even multiples of the funda- 
mental frequency; a constant term is added in the 
general case. The introduction of factors of exponen- 
tial form, that occur in transients and in cases of 
damping, will not be considered here, Bibliography, 30. 

For Usual Alternating Currents, Positive and Negative 
Areas are Equai and the Constant Term is Zero. The 
average value of any complex wave, expressed as in the 
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preceding paragraph, is the constant term, the average 
value of the fundamental and the various harmonics, 
taking account of sign, being zero. The average value 
must be taken over a complete period. In an ordinary 
alternating current, with no predominating flow in one 
direction, the average value or constant term is zero; 
and, since the average of the positive ordinates is equal 
to the average of the negative, the areas of positive and 
negative half-waves are equal. Inequality of areas 
indicates a direct current combined with the alter- 
nating and this direct current would be represented by 
the constant term. This is a case that sometimes 
occurs. 

In a generated electromotive force wave, the equality 
of positive and negative areas indicates that the total 
flux cut in a positive sense is equal to the total flux 
cut in a negative sense, as is the case in any dynamo- 
electric machine. It is seen, therefore, that in the wave 
for electromotive force, as well as in the wave for cur- 
rent, the constant term is zero. 

When positive and negative half-waves are alike, 

odd harmonics only can be present. 
- Average Product Theorem. The average product 
of the instantaneous values of two harmonic quantities 
of different frequencies is zero. This is true irrespec- 
tive of their relative phase positions and the ratio of 
their frequencies; the same is true of the product of 
any periodic quantities, each of which is represented by 
a series of harmonic terms. 

This may be illustrated experimentally by passing 
currents of different frequencies through the two coils 
of a wattmeter and noting that the reading is zero. 
Formally, it may be shown by integration of the prod- 
uct of two sine functions, having different periods, over 
the least common multiple of the two periods; or, over 
the longer period when one period is a multiple of the 
other. In case the two periods were nearly equal and 
their least common multiple very large, beats would 
occur, but the average value of the product over a 
sufficiently long time would still be zero, Bibliography, 
13; 145(p- 391). 

The average value of a constant, multiplied by a sine 
function, or by the sum of several sine functions, is 
likewise zero. 

The results of these relations are far reaching; root- 
mean-square values and average power for non-har- 
monic waves both depend upon this average product 
theorem. 

Root-mean-square Value of Non-harmonic Wave. A 
non-harmonic wave, as already explained, consists of 
a series of harmonic components of fundamental and 
higher frequencies. It will be shown that the r.m.s. 
value of the total wave is equal to the square root of the 
sum of the squares of the separate harmonic com- 
ponents. Thus, if the fundamental is A, and the 
several harmonics B, C and D (r.m.s. values), the 
r.m.s. value of the total wave is /A2 + B? + C? + D?. 
This will be referred to later as the square law. It 
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will he seen that the result is andependent of the phase 
and frequency of the several components. The effect 
of each component is added as though it were in 
quadrature to each other component, Bibliography, 
13143 

This may be demonstrated experimentally by taking 
voltmeter readings of the separate and total voltages 
when two or more electromotive forces, not of the same 
frequency, are connected in series; or, more laboriously, 
by plotting curves for the instantaneous values of the 
components and determining r.m.s. values of their 
sum. 

If, collectively, the harmonics B, C and D are repre- 
sented by H, where H? = B? + C? + D®, the r.m.s. 
of the total wave is \/ F? + H?, where F is the funda- 
mental. It is seen that the collective harmonics add 
as a component in quadrature to the fundamental. 

The proof of the foregoing is readily seen. The non- 
harmonic wave may be represented by a series of sine 
terms of different frequencies. One of these terms may 
be a constant, representing a d-c. component, if desired. 
When this series is squared, to get the r.m.s. value, 
every term is multiplied by itself (so that any term, as 
A, becomes A?) and by every other term. But the 
cross-products, obtained by multiplying together terms 
of different frequencies, all vanish, for their average 
product, by a theorem already stated, is zero. The 
only terms remaining are the square terms, as A’, B?, 
etc., ther. m. s. value of whichis ./ A? + B? + C? + D». 

One of the terms in the preceding expression may be 
a constant, representing a d-c. component. It is 
thus seen that a direct current, when superimposed on 
an alternating current, adds vectorially in quadrature, 
in the same manner as an alternating current of a dif- 
ferent frequency; the resultant is the square root of the 
sum of the squares of the component currents. 

Principles of Independent Superposition of Harmonic 
Alternating Currents of Different Frequencies. When 
a pure sine electromotive force is impressed upon a 
circuit in which the various resistances, inductances and 
capacities are constant, the current that flows is a 
pure sine wave of the same frequency, with amplitude 
and phase dependent upon the constants of the circuit. 

When the electromotive force wave contains not only 
the fundamental sine wave, but harmonics as well, 
the current will contain a fundamental and harmonics 
of these same frequencies. Furthermore, each har- 
monic component of the electromotive force will pro- 
duce in the current a corresponding harmonic compo- 
nent of the same frequency, exactly as though all other 
components were absent, Bibliography, 6, Chap. XI. 

This holds true of any part of a complex circuit, as 
well as of the circuit asa whole. Thus, if the harmonic 
components of the electromotive force, either in the 
whole circuit or in a part, are E,, E;, E;, the corre- 
sponding components of current are I,, I:, I;, each com- 
ponent being determined independently as though it 
alone existed. 
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By the square law, the sum of the component electro- 
motive forces is 


Bee s/h? Be aE. 
The sum of the component currents is 

l= / 1? 41 + I. 
The phase of each harmonic component, as well as its 
amplitude, is determined independently. Although 


these phase relations affect the wave-shape, they do not 
affect the r. m. s. value of the total current. 


When a circuit contains a constant resistance only, 
the harmonics in the current wave will have the same 
relative amplitude and phase positions as the several 
harmonics in the electromotive force wave; that is, the 
current and electromotive force are similar in wave- 
form. With reactance present, however, this will not 
be true, for the relative amplitudes and phase positions 
of the several harmonics in the current will vary with 
their several frequencies. 

In the case of inductive reactance, the reactance of 
the circuit for the several harmonics increases in 
proportion to frequency, thus increasing the lag and 
decreasing the amplitude of the corresponding harmon- 
ics in the current wave. Inductance tends to choke 
out the higher harmonics and to make a smoother 
current curve. Capacity reactance, on the other hand, 
amplifies harmonics in the current and so increases, 
rather than smooths out, irregularities in its wave-form. 
With either inductive or capacity reactance present, 
the wave-forms of current and electromotive force, 
except in the case of pure sine waves, are no longer 
similar. The resultant wave-form of current, however, 
is built up from its separate harmonic components, for 
the principle of independent superposition holds, so 
long as resistance, inductance and capacity are con- 
stant. When one function, as current, is related to 
another, as electromotive force, by a linear differential 
- equation in which the coefficients are constant, as a 
matter of course, one function may be derived from the 
other by a so called “distributive” operation, and the 
principle of independent superposition holds. 

Should resistance, inductance or capacity be variable, 
the principle of independent superposition cannot be 
applied. In this case, as discussed later, a sine-wave 
electromotive force does not produce a sine-wave cur- 
rent; the separate harmonic components of a complex 
electromotive force, therefore, do not produce corre- 
sponding independent components in the current. 

When a Current Comprises Components of Different 
Frequencies, Each Component has Its Independent 
Resistance Loss; the Total Resistance Loss, R I?, 1s theSum 
of the Losses due to the Separate Components. As already 
shown, when a current J comprises components I,, 
I,, I., ete., of different frequencies, the r. m. s. value 
of the total current is the square root of the sum of the 
squares of the separate components; 
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Hence, 

| eb ESN Fe) (ce) ga Rae SO 9) eee 
Each component has its own resistance loss as though it 
alone existed; the total loss is merely the sum of these 
separate losses. This is equally true when one com- 
ponent is direct current. 

As an illustration, if two unlike currents, either 
direct and alternating, or alternating currents of 
different frequencies, of 10 amperes each, are superposed 
in a circuit having a resistance of one ohm, the total 
loss is 200 watts, the separate losses being 100 watts 
each. This is an interesting contrast with the case 
when two lke currents, two direct currents, or alter- 
nating currents of same phase and frequency, of 10 
amperes each, are superposed in the same circuit 
having resistance of one ohm; the total loss in this case 
is 400 watts, although the loss would be only 100 watts 
for either current flowing alone. (For references, see 
next paragraph). 

Copper Saving in Composite Systems of Power Trans- 
mission. It is obvious from the foregoing that a 
considerable copper economy could be effected were it 
possible to use the same lines for the simultaneous 
transmission of power by unlike currents, that is, 
by direct and alternating currents or by alternating 
currents having different frequencies. 

Inasmuch as copper drop is proportional to copper 
loss, each current in such a composite system would 
have its own independent copper drop as well as copper 
loss; and, where the amount of copper is determined by 
allowable copper drop or loss, no more copper would ke 
required to carry several currents for composite trans- 
mission than would be required to carry one current 
alone. The independence ot copper drop is very 
striking. Thus, if two generators transmit unlike 
currents over the same lines to independent loads, one 
for lighting and the other for power, the regulation of 
the lighting load is in no way affected by most extreme 
variations in the power load; for example, an entire 
power load with line drop of, say, 50 per cent could be 
thrown off and on without producing even a flicker in 
the lamps constituting the lighting load. These results 
are confirmed by test. 

Although several composite systems have been 
proposed, the complications involved have thus far 
prevented their general adoption, Bibliography 16, 17, 
TOS 20 S21 22 

Equivalent Sine Wave. Although a non-harmonic 
alternating quantity requires a series of harmonic terms 
for its complete representation, it can be represented, 
for many purposes, by a single sine wave having the 
same r.m.s. value and the same frequency. Such a 
wave is called an equivalent sine wave. It is equivalent, 
however, in a restricted sense only. Thus, inductance 
and capacitance can completely neutralize each other 
in case of true sine waves only, complete neutralization 
being impossible for non-sine waves or for their equiva- 
lent sine waves. 
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If a non-sine wave is plotted in polar coordinates, the 
equivalent sine wave is plotted as a circle with the same 
area. If a non-sine wave and its equivalent sine wave 
are plotted in rectangular coordinates, the curves 
formed by the squares of their ordinates enclose equal 
areas, thus giving equal mean-square andr. m. s. values. 

Vector Representation of Equivalent Sine Wave. A 
non-harmonic alternating quantity can be represented 
by a vector corresponding to its equivalent sine wave. 
There seems to be no criterion, however, for satis- 
factorily defining the absolute phase location of an 
equivalent sine wave with respect to the irregular wave 
to which it is equivalent, although the phase dis- 
placement of one equivalent sine wave with respect to 
another, as a current with respect to an electromotive 
force, can be determined. As discussed later, this 
phase relation is, in general, definite between pairs of 
quantities only. Accordingly, except in special cases, 
only two equivalent sine waves can be represented as 
vectors in a plane and three such waves as vectors in 
space, if all their phase relations, as well as magnitudes, 
are to be correct. More vectors would require more 
dimensions, or would necessitate a lack of significance 
in the relative phase positions of some of the vectors. 
The sum of two equivalent sine waves can be vectorilly 
represented, however, in the same plane as the two 
waves themselves, and the sum of three equivalent 
sine waves can be represented with them in space, as 
discussed later. 

Equivalent Phase Difference. The equivalent phase 
difference between two non-sine waves of the same 
frequency is the phase difference between the two 
equivalent sine waves when so located with respect to 
each other that the mean product of their instantaneous 
values is the same as the mean product of the in- 
stantaneous values of the two non-sine waves of which 
they are the equivalent. In the case of a current and 
an electromotive force, this mean product is the average 
power, the equivalent phase difference being an angle 
whose cosine is equal to the power factor. - 

Lag or Lead of Non-Sinusoidal Current. In case of 
sine waves of current and electromotive force, in- 
spection of the waves plotted with respect to time shows 
at once whether the current is lagging or leading in 
relation to the electromotive force. If the current is 
lagging, the current passes through zero and attains 
successive values, as 14, 4%, 34 and full maximum value, 
a certain interval of time, depending upon the con- 
stants of the circuit, after the electromotive force 
attains its corresponding value. This time interval 
or lag is the same between zero as between maximum 
values of current and electromotive force and is a 
measure of the phase difference. Power and power 
factor are increased when a lagging current is advanced, 
or when a leading current is retarded, in phase. 

In case of non-sine waves, however, these definite 
relations do not hold. Except in special cases, the 
time-lag measured between zero points of current and 
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electromotive force is different from the time-lag 
measured between maximum values, and in neither case 
does its value correspond to the equivalent phase 
difference. Indeed, the current might lag behind the 
electromotive force in reaching its maximum value and 
be in advance of it in passing through zero, so that 
inspection does not show whether the current is lagging 
or leading, nor whether the angle of equivalent phase 
difference is negative or positive. This uncertainty, 
however, does not affect the numerical value of the 
power factor, for the cosine of an angle is independent 
of its sign. 

Arbitrarily, a current is said to lag when its maximum 
value occurs later than the maximum value of the 
electromotive force, Bibliography, 61; but the time of 
passing through zero has also been used as a criterion, 
Bibliography, 26. Although not used, a better cri- 
terion might depend upon power. Thus, current 
would be referred to as lagging when an increase in 
power and power factor is brought about by advancing 
it in phase, and as leading when increase in power and 
power factor is brought about by retarding it. This 
is discussed later under power factor. 

Two Equivalent Sine Waves of the Same Frequency, 
and their Sum or Difference, can be Represented by Vectors 
in a Plane. Three vectors, 1, 2 and 3, representing 
non-harmonic quantities of the same frequency, do not 
in general lie in a plane. Thus, if the equivalent phase 
difference between 1 and 2 is 40 deg., and between 2 
and 8 is 10 deg., the equivalent phase difference between 
1 and 3 may be neither 30 deg. nor 50 deg. The repre- 
sentation of three non-harmonic quantities by vectors 
in a plane is correct, however, when one of the quanti- 
ties is the sum or difference of the other two; that is, 
the vectors in this case correctly show the relative phase 
differences between the three quantities, as well as 
their magnitudes. Thus, let A and B be the r. m.s. 
values of two non-harmonic quantities and C the sum. 
If three vectors are drawn in a plane so that C is the 
vector sum of A and B, it will be found that the angle 
between any two vectors will be their equivalent phase 
difference, as already defined; if one vector represents 
an electromotive force and the other a current, the 
cosine of this angle gives the true power factor. Or, 
if two vectors A and B are drawn with an angle between 
them equal to their equivalent phase difference, their 
vector sum will give the r. m. s. value of the sum of the 
two non-harmonic quantities that they represent, 
Bibliography, 18, 14 p. 391, 15, 39. 

Again, if a is the equivalent phase difference between 
two non-harmonic quantities and if b is the phase dif- 
ference between them when one of the quantities is 
reversed, the sum of the angles a and 6 is 180 deg.; 
the vector representing one of the quantities is reversed, 
as though the quantities represented by the vectors were 
harmonic. 

The correctness of vector addition and subtraction of 
non-harmonic quantities may be rigorously proved, or 
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may be verified either by experiment or graphical 
construction, Bibliography, 18, 14. 

The once famous three-voltmeter and three-ammeter 
methods are illustrations of the general theorem that 
vectors in a plane may represent two non-harmonic 
waves and their sum. In the three-voltmeter method, 
three voltmeter readings are drawn as vectors in a 
plane; E’, measured across a load; H, measured across a 
non-inductive resistance in series with the load; and E, 
their sum, measured across the two. In this case, 
not only the three voltages but also the current J can 
be represented‘ as vectors in a plane, for J = HE, + R, 
where & is constant, and any representation of I is the 
same as the representation of FE’, with the scale changed. 
The equivalent phase difference between FE, and IJ in 
the load is thus determined, giving power factor cos 6, 
and power. In the three-ammeter method there is a 
similar relationship, vectors in a plane being drawn to 
represent the electromotive force EF’ as well as the cur- 
rents, J, in a load, J; in a non-inductive parallel circuit, 
and J, their sum. The three-voltmeter and three- 
ammeter methods may be considered as proved by the 
general theorem; or, they may be considered as a proof 
of the theorem for these special cases, Bibliography, 
De 

Otherwise stated, we may represent as vectors in a 
plane the various currents and voltages in a system con- 
sisting of one unknown load circuit of any character 
and a single pure resistance, either in series or in 
parallel with it. By extension, see preceding footnote, 
we may include in the system any number of pure re- 
sistances connected in any way whatsoever with the one 
unknown circuit; thus, some of the resistances may 
be in series and some may be in parallel with it, provided 
in each one there is a linear relation, e = R72, between 
current and electromotive force. In the one unknown 
load circuit, however, there need be no simple relation 
between e and 2; the current in it may be distorted, as 
by hysteresis, and have a very different wave-form 
from the electromotive force. A single voltage and a 
single current in the unknown load circuit are included 
in the vector representation in a plane. If the voltage 
or current in the unknown circuit is split up into parts 
or components, such parts or components cannot be 
represented in the plane. 

Three Equivalent Sine Waves of the Same Frequency, 
and their Sum, can be Represented by Vectors on Space. 
In a like manner three non-harmonic alternating quan- 
tities, together with their sum, can be represented as 
vectors in space, the length of the vectors being equal 
to the r. m.s. values of the various quantities and the 
angle between any two vectors being equal to their 
equivalent phase difference. More quantities can be 


4. More generally stated: Where certain quantities are repre- 
sented as vectors in a plane, any other quantities that are linear 
functions of these may likewise be so represented, Bibliography, 
15, 23. When e = Ri, e is a linear function of 7. When e 
= Ri; + Riz, e is a linear function of 7; and 79. 
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so represented only when they are linear functions of 
those already represented; thus, if three currents are 
represented in space, any voltage drops proportional 
thereto may also be represented. This follows as an 
extension of the preceding case, Bibliography, 16, 18 
10:23,-20, 29 DPe 217-9, 34,42,45,53. 

More than three vectors representing non-harmonic 
quantities cannot, in general, be drawn in space; but 
the resultant of two of these can be usec, together with 
the other two, to construct a three-dimensional figure. 
In the same way, three vectors cannot, in general, be 
drawn in a plane; but the resultant of two of these can 
be drawn with the third in a plane. The three result- 
ants of any number of quantities can thus be represented 
in space, or two resultants in a plane, Bibliography, 34, 
but this is a cumbersome procedure of doubtful utility. 

Variation of resistance, inductance or capacitance 
causes wave distortion. 

Pyramidal Space Diagram. The three star voltages 
of a three-phase system, which lie in a plane when there 
is no wave distortion, have the neutral point raised from 
the plane by the third harmonic voltage and its multi- 
ples, so that the three star voltages become the edges of 
apyramid. Similarly, a diagram with vectors in space 
is required for representing line and delta currents, 
when harmonic currents circulate in the delta without 
appearing in the line, Bibliography, 29, pp. 217-9. 

T-connected transformers produce dissimilar wave 
forms. 

Power. When alternating currents and electromotive 
forces are complex, containing components of funda- 
mental and higher frequencies, each component has its 
own independent power and power factor. The total 
power is the sum of the power of the separate com- 
ponents; thus, the total average power is 

EIcos 60 = E,I,cos 0,+ E3I3;cos 6; +... 


The independence of the average power of the 
separate harmonic components results from the fact, 
already pointed out, that the average product of har- 
monic components of different frequencies is zero, 
so that, when complex currents and electromotive 
forces are multiplied together, only products of currents 
and electromotive forces of the same frequency remain. 
This relation is always true, irrespective of the nature or 
the amount of distortion in the electromotive force or 
current wave. 

Apparent power is not, in general, the sum of the 
separate apparent powers. The instantaneous power 
tor each component is a quantity of double frequency 
varying harmonically about its average value, Bibli- 
ography, 36. 

Power Factor. From the foregoing, it follows that 
power factor, in case of a complex wave, is 


cos 6 = (HE, I, cos 0, + H;1;cos 0; + ...)+8T7, 
6 being the equivalent phase difference between the 


complex EF and J. 
It will be seen that in determining the combined 
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power factor, cos 6, the power factor of each component 
is given a weight in proportion to the ratio of the ap- 
parent power of the component to the total apparent 
power. ‘There is, however, no simple general relation 
between the combined power factor and the power fac- 
tor of the separate components. 

A circuit with reactance increasing and power factor 
decreasing with frequency, as R and L in series or R 
and C in parallel, will have a lower power factor with an 
irregular electromotive force wave than with a sine 
wave. On the other hand, a circuit with reactance 
decreasing and power factor increasing with frequency, 
as R and C in series or R and L in parallel, will have a 
higher power factor. It is thus seen that harmonics in 
an electromotive force wave may decrease or increase 
power factor according to the character of the circuit. 

Any change in the relative amplitudes of the separate 
components of electromotive force and corresponding 
cor ponents of current changes the total power factor 
and at the same time changes wave form. Any change 
in their relative phase positions, however, while chang- 
ing wave form, has no effect on power factor. 

An exception occurs when the power factors cos @, 
cos 61, cos 63, ete., are all equal, so that 


Bl=8H,i,+8#21;+ . 


In this case total apparent power is the sum of the 
apparent powers of the separate components, and, 
furthermore, the value of the total and separate power 
factors is not affected by any change in the relative 
amplitudes of the component electromotive forces and 
corresponding changes in component currents. This 
occurs when power factor is unity and in one special 
case, as discussed later. 

Umty Power Factor Occurs only when the Current 
Waveis Precisely Similar to the Electromotive Force and in 
Phase with it. Reactance must be Zero and Resistance 
Constant. As power factor is real power R J?, divided 
by apparent power E J, it is obvious that, in order to 
have unity power factor, EF. J must equal RJ? and 
E =RI. This can be true only in case the reactance 
of the circuit is zero and there is no capacity or induc- 
tance present. 


Power factor is the ratio of resistance R to the 
impedance Z. This ratio is unity only when reactance 
is zero and thecircuit containsresistanceonly. Further- 
more, for unity power factor, the resistance must be 
constant, for it has already been shown that a pulsating 
resistance reduces power factor to less than unity 


Constant resistance means that the current wave is 
similar to the electromotive force wave; the current 7 at 
any instant is proportional to the electromotive force e 
at that instant;e = Ri. In this case the current and 
electromotive force pass through zero simultaneously 
and their maximum values coincide. Under no other 
circumstances can power factor be unity. There is no 
limit, however, to the irregularity of the current and 
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electromotive force waves with unity power factor, 
provided the two waves are similar. 

As a numerical illustration of unity power factor in 
case of a complex electromotive force, let the electro- 
motive force H = 50, comprising a fundamental 
E, = 40 and a third harmonic E3 = 380, be connected to 
a circuit with R = 10. The current is similar to the 
electromotive force; thus, I, = 4;I; = 8;I = 5. Power 
RP=RI?+ RI; or 250 = 160 + 902% Apparent 
power EI = 50 x 5 = 250. Power factor = 1. In 
like manner, the electromotive force may contain any 
number of harmonics and these may have any phase 
positions, as well as any amplitudes, for the phase of one 
harmonic with respect to others or with respect to the 
fundamental has no effect on power factor. For amore 
formal proof, see Bibliography, 23, 34. 

Power Factor Less than Unity is due eather to Current 
Displacement or Current Distortion. It will be seen that 
power factor is less than unity in two cases: (a). When 
an alternating current is shifted in phase with reference 
to the electromotive force, so that the zero and maxi- 
mum values of current occur earlier, or later, than the 
corresponding zero and maximum values of electro- 
motive torce, power factor is less than unity, no matter 
what the wave forms of current and electromotive force 
may be. This is the common case and usually comes to 
mind when the power factor of an alternating current is 
referred to as being less than unity; the angle @ in the 
expression, power factor equals cos 0, represents a true 
phase displacement. (b). When current and electro- 
motive force are unlike in wave form, power factor is less 
than unity, no matter what may be the phase position 
of the current with respect to the electromotive force; 
power factor may be brought to a maximum value by 
shifting the current wave with respect to the electro- 
motive force, but this maximum 1s always less than 
unity. 

The sign of 6, in the expression power factor equals 
cos 0, is ambiguous and does not indicate whether the 
current is lagging or leading. In fact, when the 
reduction in power factor is due to distortion, there may 
be neither lag nor lead. Thus, power factor 0.85, for 
example, indicates a phase angle of 32 deg. between the 
vectors J and E, representing current and electro- 
motive force. If there is no lag or lead, the vector I is 
apparently caused to swing out of the usual plane of 
reference, as already referred to in the discussion of 
distortion due to pulsating resistance, inductance or 
capacity. 

Either current displacement or current distortion may 
operate alone to reduce power factor, or the two causes 
may operate simultaneously. Customarily the two 
effects are lumped together in a single resulting power 
factor cos 6, which, in some cases, may be separated 
into two factors, cos a due to current displacement and 
cos 6 due to current distortion. The angle a then 
represents lag or lead in the usual sense in the plane of 
reference and the angle 6 the amount the current vector 
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swings out of that plane due to distortion, power 
factor being the product cos a cos @. A single factor, 
however, is more convenient and is quite sufficient for 
ordinary purposes. The values of the two separate 
factors are not readily determined and, except in 
special cases, are not independent of each other, 
Bibliography, 59. 

Peculiar Special Case. When the current wave is not 
similar to the electromotive force, any change in 
amplitude of any harmonic component changes the 
complex power factor, except in one peculiar case, 
namely, when only one harmonic, the nth harmonic, is 
present and the lag of the current of this harmonic 
with respect to its electromotive force is exactly equal 
to the lead of the fundamental current with respect to 
the fundamental electromotive force. This occurs 
when, in addition to a resistance, the circuit hasa capac- 
ity reactance 1/C w which, for the fundamental, is n 
times the inductive reactance L w, Bibliography, 59. 

In this case, and in this case only, the harmonic and 
fundamental have the same power factor, lagging in one 
case and leading in the other, and this is the power factor 
of the complex wave. Whether the complex current is 
lagging or leading with respect to the complex electro- 
motive force is apparently indeterminate. 

Suppose, with a suitable frequency mixer, Bib- 
liography, 60, the relative values of fundamental and 
harmonic can be varied, so that the total r. m. s. value 
of the complex electromotive force remains constant. 
The current taken by the circuit, its real and apparent 
power and its power factor remain unchanged, as the 
wave form of the electromotive force is varied from 100 
per cent fundamental with leading power factor, to 
100 per cent harmonic with lagging power factor. 
When fundamental and harmonic are both present in 
any proportions, the current vector apparently swings 
around in space, maintaining a constant phase angle 
while changing from lagging to leading. In a some- 
what similar way, current in a synchronous motor 
changes from lagging to leading, with increase of field 
excitation, without the power factor passing through 
unity, Bibliography, 49. 

Conclusions. This paper, which is in itself a sum- 
mary, may be further summarized by surveying the 
headings of the various paragraphs. It has been 
pointed out that there are well-known methods for 
obtaining the general solution for practically all prob- 
lems dealing with simple harmonic alternating currents. 
There seems, however, to be no similar method that 
can be applied in all cases to the solution of problems 
when the currents are non-harmonic. Such problems 
have to be solved more or less separately, without a 
general solution. The purpose of this paper has been 
to present certain principles simply and clearly, in 
order that use may be made of them wherever 
applicable. 

Attempts to use some kind of distortion factor, 
Bibliography, 44, for modifying the usual alternating 
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current solutions, so that equations and graphical 
diagrams based on the sine assumption may be extended 
so as to apply to non-sine currents, have not borne 
fruit, Bibliography, 34, 45, nor has a general analytical 
discussion of non-sine alternating currents given practi- 
cal working solutions, Bibliography, 48. Although 
certain general principles are established, they do not 
afford the immediate solution of every particular 
problem. 

An outstanding fact is that graphical diagrams for 
precisely representing non-harmonic alternating cur- 
rents and electromotive forces require, except in some 
special cases, more than two dimensions. The ordinary 
plane diagrams are at best only approximations. 

It is a consolation to know, however, that the errors 
in plane diagrams are commonly not large enough to 
assume importance, Bibliography, 40, p. 228, except 
when leading as well as lagging currents are involved, 
in other words, except in circuits containing capacity 
reactance, as in condensers and synchronous machinery. 

In inductive circuits, harmonics are, to a certain 
extent, choked out, so that errors are limited and there 
is no tendency for them to become amplified. The 
errors may he likened to the errors in using a drawing 
accurately made on a rumpled paper, which is later 
ironed out flat. The flat diagram, although not 
precise, may be accurate enough for most purposes. 
Thus, transformer diagrams drawn in a plane give 
excellent working results, despite wave distortion. 
In a synchronous motor, on the other hand, certain 
discrepancies due to current distortion may be corrected 
or eliminated by use of a diagram in three dimensions, 
Bibliography, 49. It. is well known that the power 
factor of a synchronous motor does not become unity 
when current changes from lagging to leading, as the 
plane diagram and usual theory based on the sine-wave 
assumption would indicate. The three-dimensional 
diagram makes it possible for the current vector, in 
passing from lagging to leading, to swing around in 
space so that the power factor passes through a maxi- 
mum less than unity. 

Plane diagrams are subject to the greatest errors in 
case of circuits containing inductance and capacity, 
when resonance for a particular harmonic may greatly 
amplify the errors due to wave distortion. 
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High-Voltage Measurements on Cables and 


Insulators 
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Synopsis.—This paper presents some of the results of a series of 
high-voltage tests on cables and insulators, extending over a period 
of eight years, to determine the electrical characteristics of the insula- 
tion. Leakage current, insulation resistance, and watt input 
tests were made with direct and alternating current. Paper- 
insulated and rubber-insulated cables and .a 27,000-volt porcelain 
insulator were tested. 

From these tests several conclusions were drawn, the principal 
ones being as follows: 

1. Insulation resistance of paper and rubber-insulated power 
cables increases to a maximum with increasing applied d-c. voltage, 
the characteristic depending wpon the temperature. 

2. It is necessary to use shields as well as guards in making 
tests to determine the electrical characteristics of cable insulation 
under d-c. voltage stresses above the ionization point. 


3. The watt input to the insulation of a paper cable under d-c. 
stress, at a given temperature, depends upon the character of the 
voltage wave; the greater the ripple, the greater the watt input. 

4. It is necessary to use shields as well as guards in making 
tests on short cable samples to determine the a-c. electrical character- 
istics, such as dielectric loss of cable insulation under voltage stresses 
above the ionization point. 

5. The ionization point is very variable depending upon the physi- 
cal circuit, together with the atmospheric conditions, and represents, 
in reality, local air breakdown. 

6G. The better (i. e., the more uniform) the dielectric, the greater 
is the tendency for the material to break down in its entirety rather 
than at a single point. Practically, of course, no dielectric is per- 
fectly homogeneous, so that failure will be restricted to the weakest 
spot or spots. 


TESTS ON PAPER-INSULATED CABLES 


HE first series of tests described in the paper is 
that on paper-insulated, lead-covered cables. 
These were tested with direct current from a 

kenotron set and a high-voltage battery and with 60- 
cycle alternating current. 

The results of the tests were plotted to show the 
variation of leakage current, insulation resistance and 
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Fic. 1—VartiaTion or D-c. CHARACTERISTICS (INSULATION 

RESISTANCE AND Wart Input wiTH VOLTAGE) oF OLD 13,800- 
Vout Parer-INSULATED CABLE LINE 


Tests made on Line 5-97, consisting of rosin-oil impregnated, three- 
conductor, 4/0 copper cable, 18,283 ft. long. Conductor insulation, 7/32 
in., outer belt, 7/32 in. 

Voltage applied from kenotron and low voltage battery. 
made for temperature changes. 


Corrections 


watt input with applied voltage at given temperatures. 
These curves show the insulation-resistance-voltage 
stress and watt input voltage stress characteristics of 
the cables. 

Insulation Resistance Varies with Voltage Applred. 


1. Edison Electric Illuminating Co., Boston, Mass. 
Presented at the Regional Meeting of District No. 1 of the 
A.I. EH. E., Pittsfield, Mass., May 25-28, 1927. 


The first conclusion, namely, that insulation resistance 
increases to a maximum with increasing applied d-c. 
voltage, is supported by the tests the results of which 
are shown in Figs. 1 to 6 and 10 to 14, inclusive. 

An inspection of these curves indicates that both old 
and new cables show this characteristic in varying 
degree, depending upon the temperature. At the lower 
temperatures the insulation-resistance rise is very 
pronounced, but at the higher. temperatures the rise 
is slight. 

Effect of Temperature on Variation of Insulation 
Resistance with Applied D-c. Voltage. The effect of 
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Fic. 2—VariIaTIOn oF D-c. CHARACTERISTICS OF NEw 15,000- 
Voit Paprr-INSULATED CasLEe LINE 


Tests made on Line 38-118, consisting of petrolatum impregnated, three- 
conductor, 300,000 cir. mils cable, 22,079 feet long. Conductor insulation 
7/32 in., belt, 3/32 in. 

Voltage applied from kenotron and low voltage battery. 


temperature is shown in Fig. 3 for two new paper 
cables (A and B) of different types. Further tempera- 
ture effects upon the insulation-resistance-voltage- 
stress characteristics are shown in Figs. 4 and 5, for new 
C and old D paper cable, respectively. 

Necessity for Using Shields. In making tests to 
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determine the electrical characteristics of reel lengths 
of cables it became evident that complete shielding is 
very important. Figs. 3, 4, 5, and 6 illustrate cable 
characteristics measured without shields. In these 
figures most of the insulation-resistance curves against 


~ 
o 


en | | 


2 


Full lines - Cable A 
| Dotted lines - Cable ’B” 


on 
Co 


40 


INSULATION RESISTANCE THOUSANDS OF MEGOHMS 


KILOVOLTS 


Fia@. 3—Variation or InsuLATIoN Resistance wits D-c. 
VotTagceE, aT SEVERAL TEMPERATURES, OF UNSHIBLDED REELS 
or New Parrr-InsuLtatepD CABLE 


Tests on 15,000-volt, three conductor, 350,000-cir. mil cable lengths. Con- 
ductor insulation 7/32 in., belt 3/32 in. Cable A, 644 feet long; petrolatum- 
impregnated; cable B, 645 feet long, impregnated with petrolatum and 
rosin-oil, 

Voltage applied from kenotron. 


voltage stress rise to maximum and then decline. This 
decline is apparently due to ionization of the air, 
either within or outside the cables. The effect of the 
ionization of the air at the ends of the cable becomes 
proportionally less as the leakage current through the 
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Fig. 4—VarIATION oF D-c. CHARACTERISTICS AT Two TEM- 
PERATURES OF GUARDED, UNSHIELDED REEL oF New PapeEr- 
INSULATED CABLE 


Tests made on cable C, 15,000-volt, three-conductor, 300,000 cir. mils, 
petrolatum-impregnated, S00 feet long. Conductor insulation 7/32 in., 
belt 3/32 in. 

Voltage applied from kenotron. 


insulation increases; in fact, in case of very high 
leakage through the insulation, it may be a negligible 
percentage of the total measured current. 

Where the leakage current is low, however, the end 
effects may equal or completely swamp the cable in- 
sulation effect at stresses above the ionization point. 
In these cases, whether the cable is long or short, it is 
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necessary to use shields and guards to obtain the true 
leakage current values through the insulation, from 
which values the cable characteristics are derived. 
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Fig. 5—VarIATION oF D-c. CHARACTERISTICS AT Two TEM- 
PERATURES OF UNSHIELDED REEL OF OLp PaprEr-INSULATED 
CABLE 


Tests made on cable D, 15,000-volt, three-conductor, 2/0, rosin-oil 
impregnated, 101 feet long. Conductor insulation 9/32 in., belt 9/32 in. 
Voltage applied from kenotron. 
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Fig. 6—VariaTion or D-c. CHARACTERISTICS (LEAKAGE 
CURRENT, INSULATION RESISTANCE, AND Watt Input witH 
VYoLtTace) oF UNSHIELDED REEL or New Paper-INsuLatep 
CABLE 


Tests on cable C (see Fig. 4). 
battery. Temperature 26-29 deg. cent. 


Voltage applied from high-voltage 


To live side of supply 


Guard , 
Ring 


Cable Under Test \ 


"Screen Shield 


Lead Cable 


Series Resisiaies | | Protective Air Gap 
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Current Measuring ey 
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Fig. 7—D1acGrRaM OF CONNECTIONS FOR TESTS WITH CABLE 
AND INSTRUMENTS SHIELDED 


Further tests were made, therefore, on cable C 
using shields and the results are given in Figs. 10, 11, 
and 14. These results support the second con- 
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clusions, that it is necessary to use shields as well as 
guards in making tests to determine the electrical 
characteristics of cable insulation under d-c. voltage 
stresses above the ionization point. 

The term “‘shielded guarded”’ means that a complete 
system of shielding was used in making these tests in 
addition to the ordinary guards or guard rings. ‘This 
system of shields, in the case of the paver cable, is 


Fic. 8—SHIELD FoR REEL OF CABLE 


diagrammatically outlined in Fig. 7. The actual 
cable and instrument shields are shown in Figs. 8 and 9, 
respectively. From Fig. 7, it will be noted that the 
cable, measuring instruments, and connections are 
completely shielded. 

Figs. 10 and 11 were obtained with shields and guards, 
and No. 6 without them on an 800-ft. length of 15,000- 
volt paper cable C. It will be noted that the shielded 
guarded values are only a fraction of the unshielded 
unguarded values at the higher stresses. 

It will be observed that the leakage current and watt 


Fig. 9—Suintp ror Mrasurine INSTRUMENTS 


input at 50 kv., unshielded, unguarded are 48 times the 
shielded guarded, or true values. 

Fig. 12 shows the comparisons between the character- 
istic curves of insulation resistance against voltage 
stress with and without shields and guards. From an 
inspection of Fig. 12, it appears that the curves of in- 
sulation resistance under the two conditions diverge at 
stresses far below the usual so called ionization point. 
There is a marked divergence at 10 kv. d-c. It will 
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be noted that the shielded guarded curve continually 
rises and it might be inferred that it must reach a 
maximum and decline previous to failure due perhaps 
to the ionization of the air within the insulation. 

Fig. 16 shows the total end loss in watts, which is 
the difference between the unshielded unguarded and 
shielded guarded results, plotted against voltage stress. 
This curve evidently represents the power dissipated 
into the air at the various d-c. stresses. 

It is obvious that the value of watts will increase 
rapidly with the higher voltages and is subject to the 
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Fic. 10—VariaTIon oF D-c. (BatTreRy) CHARACTERISTICS 
ON SHIELDED REEL oF New Paprr-INSULATED CABLE 


Tests on cable C 
battery. 


(see Fig. 4). Voltage applied from high-voltage 
Temperature 26-29 deg. cent. 


local atmospheric conditions at the ends of the cable. 

These results lead the author to believe that nearly 
all laboratory tests on cables and otherinsulationsunder 
d-c. stresses must be made with shields as well as guards 
in order to secure true and accurate results. Further, 
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Fig. 11—Variation or D-c. (BATTERY) CHARACTERISTICS OF 
SHIELDED RerL or New Paprrer-INSULATED CABLE 


Results of Fig. 10 plotted to larger scale 


it is believed that such shields are necessary at stresses 
far below the ordinary ionization point. 

The need for the shield is due to the fact that theend 
effects are composed of surface leakage and leakage 
through the air. The guard takes care of the surface 
leakage and the shield takes care of the leakage through 
the air at the end of the cable. 
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The use of guards or guard rings is an old practise 
and some observers have used shields for instruments, 
but the author believes that the use of shields on the 
cable or dielectric under test is new and also very vital. 
These shields and guards are necessary in all cases 
where the end effects are of sufficient magnitude to 
interfere with the determination of the true d-c. leakage 
current through the insulation. 

The relative effects of the guard and shield have not 
been fully determined as yet. From such preliminary 
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Fig. 12—Curves SHow1nG Errect or SHIELDING AND GUARD- 
ING ON MerasuREepD INSULATION RESISTANCE OF REEL OF NEW 
Pappr-INSULATED CABLE 


Tests on cable C 
battery. 


(see Fig. 4). Voltage applied from high voltage 
Temperature 26-29 deg. cent. (Includes data of Figs. 6 and 10) . 


work as has already been done, it appears that the 
shield effect predominates over the guard effect under 
d-c. stresses and that this predominance is very marked 
at the higher d-c. stresses. 

An inspection of Figs. 10, 11, 13 and 14 indicates that 
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Fig. 13—VariaTIon or D-c. (KENOTRON) CHARACTERISTICS OF 
GUARDED SHIELDED REEL OF NEw Paper-INSULATED CABLE 


Tests on cable C (see Fig. 4). 
perature 26 deg. cent. 


Voltage applied from kenotron. Tem- 


with both battery and kenotron d-c. stress, the in- 
sulation resistance curves show a slight drop at the start 
before the general rising characteristic begins. It is 
thought that this results from either a residual electri- 
fication or a change within the insulation. This reverse 
action is perhaps important as indicating a complete 
change of conditions within the dielectric. 
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The various curves presented show that the insulation 
resistance of modern paper cables under shielded 
conditions is exceedingly high and increases with in- 
creasing applied d-c. stress up to certain limits. From 
the operating standpoint, perhaps it may be worthwhile 
to have a certain amount of leakage in a long cable to 
act as a safety valve when the line is subjected to a 
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Fig. 14—Variation or D-c. (KENOTRON) CHARACTERISTICS OF 
GUARDED, SHIELDED REEL oF New Paprr-INSULATED CABLE 


Results of Fig. 13 plotted to larger scale 


high transient voltage. In other words, perhaps a 
certain amount of leakage acts as a stabilizer provided 
that in obtaining this leakage there is no unnecessary 
sacrifice of dielectric strength. 

Comparison of Battery and Kenotron Tests. Shielded 
guarded Figs. 10 and 11 obtained by use of the Cruft 
high-voltage battery may be compared with Figs. 13 
and 14 by kenotron, for the 800-ft. length of 15,000- 
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Kia. 15—Comparison or Wart Inputs with KENOTRON AND 
BarrEry ON SHIELDED ReEet or New Parur-INSuLATED CABLE 


Data of Figs. 10 and 13 


volt paper cable C. The results are quite similar, 
but the watt input with the kenotron is a little higher 
than that with the battery source. This is shown by 
Fig. 15. It is believed that this is due to the ripple*of 
the kenotron wave. 

From this the third conclusion is drawn, that the 
watt input to the insulation of a paper cable under 
d-c. stress, at a given temperature, depends upon the 
character of the voltage wave; the greater the ripple, 
the greater the watt input. This would agree with the 
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accepted fact that the watt loss in a dielectric increases 
with frequency. In other words, the watt loss in a 
dielectric at given ambient temperature ranges from a 
minimum on direct current with wave form better than 
that supplied by battery, to a maximum at high 
frequency. 

A-c. Dielectric Loss Tests, Shielded and Unshielded. 
The failure of insulation is largely a matter of heat 
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Fig. 16—VaARIATION OF Watts Env Loss witH D-c. VoittTacE 
(BaTTERY) ON Reet or New Paper-INSuLATED CaBLE 


Tests on cable C (see Fig. 4). 
battery. Temperatures 26-29 deg. cent. 


Voltage applied from high-voltage 
Data from Figs. 6 and 10 


and its relative distribution in the material. Under 
d-c. stress the watt input and the consequent heating is 
very slight in comparison with that under so called 
equivalent a-c. stresses. 

Fig."17 shows the curves of a-c., 60-cycle watt input 
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Fig. 17—VARIATION oF Watt Inputs witH 60-CyrcLE VoLtT- 
AGE ON SHortT Lenetus or New Parer-INSuLATED CABLE, 
SHIELDED AND UNSHIELDED 


Tests made on cable G, 15,000-volt, three conductor, 300,000 cir mils, 
petrolatum-impregnated, 24 ft. long. Conductor insulation 7/32 in., 
belt 3/32 in. - 


Voltage applied from 60-cycle source. Temperature 25 deg. cent. 


(dielectric loss) against voltages stress for a 24-ft. 
length of 15,000-volt paper cable G with and without 
shields and guards. On such a short cable the a-c., 
60-cycle end losses are not negligible and shields and 
guards are necessary to insure proper accuracy of 
dielectric loss measurements at stresses above the 
ionization point. 

The term end loss as used is the total end loss or 
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difference between the unshielded unguarded value 
and the shielded guarded one as previously outlined 
in the case of the d-c. tests. The relative effect of 
shield and guard is very difficult to obtain because all 
guards act as shields. Leakage taking place 1/1000 of 
an in. above the surface of the paper is leakage through 
the air. Any guard ring intercepts this as well as the 
true surface leakage. All tests made so far have shown 
different values with and without shields even if guard 
rings were left on during the latter condition. 

The error of 34 per cent in the unshielded unguarded 
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Fic. 18—VarIATION OF Watts Enpd Loss witH 60-CycLe Vout- 
AGE ON SHortT LenetH or New Paprr-INSuLATED CABLE 


From data of Fig. 17 


measurements indicates the necessity for using shields 
and guards in making measurements of a few watts 
loss under stresses around 24,000-volts a-c. From this, 
it may be deduced that unshielded unguarded watt 
loss measurements on cable samples of 10 ft. or less 
under a-c., 60-cycle, 24,000-volt stresses might be 100 
per cent in error. The author believes that this is 
one of the reasons why dielectric loss measurements 
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Fig. 19—VariaTIon or D-c. CHARACTERISTICS (LEAKAGE 
Current, InsuLaTion ReEsIsTANcE, AND Watt INPUT wiTH 
VoutTacEe) AT Two TEMPERATURES OF UNSHIELDED REEL OF 
New Rupser-INSuLaTeED CABLE 


Tests made on cable E, 10,000-volt, single conductor, 4/0, 7/32 in. 
insulation, 505 feet long 
Voltage applied from kenotron 


taken at different laboratories and more especially those 
on short lengths of cables as against long lengths, have 
sometimes failed to agree in the past. 

From the foregoing results the fourth conclusion has 
been drawn that it is necessary to use shields as well as 
guards in making tests on short cable samples to 
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determine the a-c. electrical characteristics, such as 
dielectric loss of cable insulation under voltage stresses 
above the ionization point. 

Fig. 18 shows the variation of total watt end loss with 
voltage stress. This loss is made up of surface and air 
electrical leakage as in the previous cases. Further pre- 
liminary tests have indicated that the guard effects 
vary depending on the relative position of the guard 
ring to the copper conductor and the lead sheath. 

Ionization Point is Indeterminate. It will be ob- 
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Fic. 20—VariaTION or D-c. CHARACTERISTICS AT Two 
TEMPERATURES OF UNSHIELDED ReEet or OLtp RuspseEer-INsu- 
LATED CABLE 


Tests made on cable F, 10,000-volt, single-conductor, 4/0, 7/32 in. 
insulation, 319 feet long. 


Voltage applied from kenotron 


nm 
a 
n 
So 
S 


DS) 
o 


THOUSANDS OF MEGOHMS 
3 


~ 
a 


MICRO-AMPERES 


= 
o 
fo) 


e 
So 


SS nee 


40 50 60 70 80 
KILOVOLTS 


Fig. 21—VariaTIon or D-c. CHARACTERISTICS OF UNSHIELDED 
Leners or New Rvusser-INSULATED CABLE 


Tests made on cable H, 10,000-volt, single-conductor, No. 6, 7/32 in. 
insulation, 89 feet long 
Voltage applied from kenotron 


served that the difference between the shielded guarded 
and unshielded unguarded measurements steadily in- 
creases with increasing stress. The difference probably 
represents the increasing air loss at the ends of the cable. 
It will be noted that these curves (Fig. 17) diverge at 
even the lower stresses, as in the case of the previous 
d-c. tests shown in Fig. 12. 

From this and the previous results, the fifth conclu- 
sion is drawn: that the so called ionization point is very 
variable depending upon the physical circuit together 
with the atmospheric conditions- and represents in 
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reality, local air breakdown. ‘This is supported by the 
tests with direct current on paper and rubber cables 
as well as by the a-c. tests on paper cable. In all 
cases the curves with and without shields and guards 
diverge at the lower values of stress below the commonly 
accepted ionization point. 

From this, it may be deduced that the air conducts at 
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Fig. 22—VariaTION or D-c. CHARACTERISTICS OF UNSHIELDED 
LenetH or New Rupper-INSuLATEeD CABLE 


Data of Fig. 21 plotted to larger voltage scale. 


all stresses both direct current and alternating current 
and that ionization points represent local air break- 
down due to the local physical circuit, atmospheric and 
stress conditions. 


TESTS ON RUBBER-INSULATED CABLE 


Tests similar to those on the paper-insulated cables 
were made also on rubber-insulated cables. 

Insulation Resistance Varies with Voltage Applied. 
A new and an old rubber cable showed the same general 
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Fig. 23—VaRIATION OF D-c. CHARACTERISTICS OF SHIELDED 
Lenetu or New Rupser-InsutateD CABLE 


Tests made on cable H (See Fig. 21). Voltage applied from kenotron 


insulation-resistance-voltage-stress characteristic at 
25 deg. cent. as did the paper-insulated cables. Figs. 19 
and 20, giving results of tests on cables H and F, 
respectively, illustrate this. 

A series of d-c. tests by kenotron was made on an 
89-ft. length of new 10,000-volt rubber cable H, 
both with and without shields. In these tests, the 
stresses were carried up to the breakdown point. The 
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results are shown by Figs. 21, 22, 23, 24 and 25. The 
same shields and test set-ups were used as in the case 
of the paper cable. 

From the curves, it will be noted that the insulation- 
resistance-voltage-stress curve, at room temperature, 
continually falls from the 10-kv. point. It is probable 
that at stresses below 10 kv., the curve would show a 
rising characteristic. 

It is apparent that the leakage current and input 


0.14 2800 | 7 Te 7 
0.12 2400 | 6 
2 1 
0.10 2000 + J 5 
3 XS 
= te 
& 0.08, 1600 op 4 
a LS 2 = 
= fee Hohe = 
= Ms 1 5 
4 0.06 & 1200 as Se 35 
= —] 
2 
0.04°~ 00 | + + - 2 
ox 
002 400 }—+ a 1 
0 
Oo 10 20 30 40 50 60 


KILOVOLTS 
Fig. 24—VariaTION or D-c. CHARACTERISTICS OF SHIELDED 
LenetH oF New RvusBeEer-INSULATED CABLE 


Data of Fig. 23 plotted to larger voltage scale 


watts rise very rapidly after the critical point of 60 kv. 
is reached under the unshielded condition. This is 
probably due to the ionization of the external air 
surrounding the ends of the cable. 

On the other hand, the abrupt rise under shielded 
conditions does not occur until 70 kv. is reached. This 
must be due to the ionization of the air entrapped in the 
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Fig. 25—Comparison or Curves or Watt Input wirx D-c. 
VouTace on New Rupser-INSULATED CABLE, SHIELDED AND 


UNSHIELDED 


Tests on cable H (see Fig. 21). Data of Figs. 21 and 23 
dielectric itself. It would thus appear that the ioniza- 
tion of the external air around the cable ends takes place 
before the ionization of the air entrapped in the insula- 
tion, unless the test results are seriously modified by 
the action of surface leakages. 

Effect of Shields. The effect of shielding and guarding 
is very marked in these tests as in the case of the paper 
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cable. It will be observed that the true loss is only 
1/44 of the apparent or unshielded unguarded loss at 
the given stress. The relation is shown graphically 
by Fig. 25. 

The use of shields as well as guards is thus absolutely 
necessary in making d-c. measurements on short rubber 
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Fig. 27—VarRIATION oF D-c. CHARACTERISTICS (LEAKAGE 
CuRRENT, INSULATION RESISTANCE AND Watt INPUT WITH 
VOLTAGE) OF UNSHIELDED 27,000-Vott Prn-Typr)j} Line 
INSULATOR 


Voltage applied from kenotron 


cables at high stresses in order not only to insure the 
accuracy of results but to determine the true character- 
istics of the cable insulation. 

Insulation Failure. Fig. 23 shows the true shielded 
guarded insulation-resistance-voltage-stress curve from 
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Fie. 28—Diagram or ConneEecTIONS FOR MEASUREMENTS ON 
SHIELDED Line INSULATOR 


10 to 85 kv. Under the shielded condition, at ap- 
proximately 84 kv., the curves of leakage and watt 
input are rising very rapidly and are nearly perpendic- 
ular to the abscissas (voltage stress). This, of course, 
indicates that the dielectric is about to fail. As a 
matter of fact, failure did take place at 85 kv. Upon 
examination, this new rubber cable was found to be 
literally riddled with incipient faults. The rubber 
insulation had been stressed far above its safe or 
electrical elastic limit, and a general deterioration had 
set in. 

This leads to the sixth conclusion, that the better, 


1072 KASSON: 
2. e., the more uniform the dielectric, the greater the 
tendency for the material to break down in its entirety 
rather than at a single point. Practically, of course, no 
dielectric is perfectly homogeneous, so that failure will 
take place at the weakest spot or spots. From this it 
might be deduced reasonably that the better the in- 
sulation the more care should be taken not to over- 
stress it. Such over-stressing, while not producing 
actual failure, must deteriorate and weaken the whole 
insulation. It might be further deduced from this that 
there must be an electrical elastic limit in dielectrics 
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Same insulator as in Fig. 27. Voltage applied from kenotron 
analogous to the physical elastic limit in metals. If the 
stress exceeds this limit a strain and eventual failure is 
the result. ‘ 


TESTS ON A LINE INSULATOR 


~ Besides the tests on paper and rubber cables a similar 

series has been made on a 27,000-volt porcelain line 
insulator, both with and without shields. Fig. 28 
shows the diagrammatic arrangement. 

Results of D-c. Tests. Figs. 27 and 30 show the d-c. 
unshielded and shielded test results. It will be noted 
that the shielded insulation-resistance-voltage-stress 
curve has a slowly falling characteristic from 20 kv. 
upward. It is believed that this curve would have been 
nearly flat if the shield had been brought closer to the 
porcelain. 

From these curves, it will be noted that the shielded 
value of insulation resistance falls rather slowly and that 
the watt input is not increasing very rapidly at 70 kv., 
which is a low stress for the insulator. The porcelain 
apparently presents a more nearly constant resistance to 
electrical stress than impregnated paper and rubber 
insulation. 

The unshielded curves show the effect of the electrical 
leakage through the air around the outside of the in- 
sulator. At 60 kv. the leakage and watt input curves 
rise very abruptly as in the case of the rubber cable. 
This is probably due to the ionization of the external 
surrounding air. The shielded curves (Fig. 30) of 
leakage current and watt input do not even show a 
rapidly rising characteristic at 70 kv. direct current. 

Results of A-c. Tests. Fig. 31 shows the results for 
the same insulator under a-c., 60-cycle stresses. These 


HIGH-VOLTAGE TESTS 


Journal A. I. E. EH. 


results indicate that shields are necessary to obtain 
true readings under a-c., 60-cycle stresses. 

It will be noted that the impedance voltage-stress 
curves are nearly flat, perhaps indicating that the in- 
sulator is well within its safe electrical stress limits. 
If, in future tests, these curves can be carried through 
the lower and higher ranges, undoubtedly new and 
valuable data can be obtained. 


REMARKS AND SUGGESTIONS 


In all these tests and researches, the attempt has been 
made to determine the insulation-resistance-voltage- 
stress curve and the watt-input voltage-stress curve. 
It is believed that if such curves can be obtained for 
various insulations under electrical stresses, both 
direct current and alternating current of various 
frequencies from zero to breakdown at several tem- 
peratures, then the way will be opened for the practical 
study and determination of dielectric action under 
electrical stress. 

The work covered by this paper involved for the most 
part d-c. stresses and it is not known how far the results 
refieet the action of the insulating materia! under a-ec. 
stresses. From the d-c. standpoint, it might well be 
argued that the _ insulation-resistance-voltage-stress 
curves are a measure of insulation condition. As long 
as the resistance increases with increasing voltage 
stress the insulation might be said to be on the safe side. 

The maximum value would then be the electrical 
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Fig. 31—VarIATION OF CURRENT AND IMPEDANCE WITH 
60-CycLE VoLTaGE on 27,000-Vout, Pin-Typr Lin» INSULATOR, 
SHIELDED AND UNSHIELDED 


Same insulator as in Fig. 27. Voltage applied from 60-cycle source 
elastic limit and the falling portion of the curve would 
represent the tendency of the insulation to deteriorate 
or electrically age. A sharp drop in the insulation resis- 
tance curve would indicate impending breakdown. 

If this d-c. picture represents also the a-c. situation 
then a new means is provided for studying insulation 
under electrical stress. A large amount of a-c. research, 
however, must be conducted and matched against the 
direct current before these conclusions are justified. 

The problem is further complicated because the d-c. 
insulation-resistance-voltage-stress curves vary widely 
with temperature, and the application of the higher 


Oct. 1927 


a-c. stresses produces a temperature change in the 
insulation. 


The author believes that continuation of this line 


of investigation will open the way for a real practical — 


study of dielectric phenomena. 


DATA ON TEST METHODS, ISTRUMENTS, ETC. 


All tests and research work were carried on by the 
Standardizing and Testing Department of The Edison 
Electric Illuminating Company of Boston except those 
recorded in Figs. 3, 4, 5, 19 and 20, which were made by 
graduate students of the Massachusetts Institute of 
Technology at the suggestion of the Standardizing and 
Testing Department. 

The tests and research work were performed at the 
substations and laboratory of the above company, at 
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the Massachusetts Institute of Technology, and at the 
Cruft Laboratory of Harvard University. 
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Studies on Sparking in Air 


BY A. PEN-TUNG SAH* 


Associate, A. I. E. E. 


Synopsis.—Sparking voltages and gradients in air between 
spheres of unequal diameters and between two cylinders placed with 
their axes perpendicular to each other in space (called cross-cylinders) 
have been determined. Complete tables giving the coefficients of 
gradient corresponding to any given spacing and radii, have been 
tabulated, the formulas used being those of Kirchhoff and Russell. 
For cross-cylinders, an approximate formula has been developed. 


In the theoretical discussions, the more definite form of the theory 
of tonization by collision as given by Bergen Davis has been extended 
to the sphere-gap and a relation has been deduced to account for 
the variation of the sparking gradient as investigated in the first 
part of this work, which is in substantial agreement with those 
found by F. W. Peek, A. Russell and others. 


* * * * * 


INTRODUCTION 


PARKING voltages and gradients between needle- 
points and spheres have been measured by many 
investigators. It has been theoretically shown! 

that the relation between the sparking voltage and the 
spacing, when the spacing is so large that corona pre- 
cedes a spark-over, should conform to a linear law. 
Such is, in fact, the case for the needle-gap, as shown by 
F. W. Peek? and others. For spheres, it has also been 
shown by Peek? and A. Russell‘ that for large spacings 
under twice the radius of the spheres, the results seem 
to indicate a constant sparking gradient for a given size 
of spheres when both of them are insulated and are at 
equal and opposite potentials, the middle of the high 
voltage winding of the transformer being connected to 
earth. As for the case when one of the spheres is 
grounded with the high potential applied to the other 
insulated sphere, all experimental data seem to contra- 
dict this view.*” In this case, the sparking gradient 


*Worcester Polytechnic Institute, Worcester, Mass. 

1. For all references see Bibliography. 

Presented at the Regional Meeting of District No. 1 of the 
A. I. EH. E., Pittsfield, Mass., May 25-28, 1927. Complete 
copies upon request. 


decreases rapidly at first and then gradually increases 
with the spacing. 

The existing theory to explain these phenomena is 
mainly due to Peek, who assumes that air has a con- 
stant dielectric strength, an assumption iairly well 
borne out by the corona measurements on concentric 
cylinders and parallel wires. Inasmuch as this theory 
was extended from the phenomenon of corona, it seems 
advisable to study the problem of sparking in air by 
using different kinds of electrodes, namely, two spheres 
of unequal diameters and two cylinders placed with 
their axes perpendicular to each other in space (called 
cross-cylinders, for brevity) to see if similar relations 
exist and to derive a law for sparking based on the more 
definite form of the theory of ionization as first formu- 
lated by J. S. Townsend and later extended by Bergen 
Davis to the corona measurements on concentric 
cylinders and parallel wires. It is thus seen that the 
present investigation falls into two parts: namely, the 
determination of the sparking voltages and gradients 
for the above types of electrodes, and the formulation 
of a theory to explain the more or less empirical re- 
lation of Peek and Russell based on the known laws of 
ionization by collision. 


1074 


Part I 

SFARKING VOLTAGES AND GRADIENTS BETWEEN UN- 

EQUAL SPHERES AND BETWEEN CROsS-CYLINDERS 

Formulas and Tables for the Calculation of the Maxi- 
mum Gradienis beiween Unequal Spheres and Cross- 
Cylinders. The case of two conducting spheres is of 
classical interest, being among the problems first suc- 
cessfully solved by Poisson by using his famous integral. 
Clerk Maxwell’ also gave a solution but it was too 
complicated to be of any service in a numerical work. 
The first workable formula was given by Kirchhoff". 
It was put in a manageable form by A. Russell, 
who proved the case for two equal spheres by the 
method of an infinite series of images, while G. R. 
Dean'® solved the same problem by using hyperbolic 
functions and zonal harmonics. In the appendix* to 
follow, it will be shown how Russell’s reasoning can be 
extended to the general case of two spheres of un- 
equal diameters. From the proof it will be seen that 
the gradient at the surface of the spheres on the line 
of centers may be calculated from the following 
relations: 

G, —— ViFu X— V> Fs, ix 


and 

Ge. = V2 Fa/X — Vi Fi2e/X 
in which X = spacing between the spheres, G, = the 
gradient at the surface of the smaller sphere, V; = the 


voltage on the smaller sphere, and G, and Vs, the cor- 
responding values for the larger sphere. The different 
F’s will be called coefficients of gradient. The double 
subseript adopted is similar to the notation used in 
electrostatics for the coefficients of capacity, or of 
induction, or of potential. By giving appropriate 
values to the different V’s, these general formulas 
will be found to be applicable to the different arrange- 
ments that are investigated: namely, when V, = — V2, 
= V 2, the case when both spheres are at equal and 
opposite potentials, V being the potential difference 
between them; and when V,; = O or when Vz = O, 
the two cases when one of the spheres is grounded. 
Thus for the case when both spheres are insulated and 
are at equal and opposite potentials, the two coefficients 
of gradient may be taken as: 
F, = (Fu + Fa)/2, and F, = (Fe: + Fis) /2, 

respectively. 

The various F’s are expressed in convergent series, the 
arguments of which are functions of the ratios 6 to a, 
ratio of radii, and X to a, ratio of spacing to the smaller 
radius. The values for these when 6} = a, 2. e., when 
the spheres are equal, have been given by other in- 
vestigators”’. 

For ready reference and interpolations, Figs. 1, 2, 3 
and 4 giving values of F,;, F2:, F22., and Fy. are herein 
attached. 

For the case of cross-cylinders, because of the lack 
of symmetry, it was not possible to obtain an exact solu- 


7 
| 


*For mathematical appendixes, see original paper. 
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tion of the problem by using known methods of mathe- 
matical analysis. In Appendix IJ, an attempt has been 
made at an approximate solution, the basic principle 
of which is quite similar to that employed by Dean'® 
in deriving an approximate solution for two equal 
spheres. It will be seen that for the case in which both 
equal cylinders are insulated and are at equal and oppo- 
site potentials, the coefficients of gradient F are given 
by the following table of values, using which the values 
of the maximum gradient can be calculated from the 
relation: 
G=JS2VF/X 

where G is the gradient, V the effective potential 
difference, and X the spacing. 

Apparatus, Method of Measurement, Etc. Five sizes 
of spheres were used in the investigation, their diameters 
as measured by calipers being 25.0 em., 20.2 em., 15.0 
em., 10.0 em. and 5.05 em. They were made by 
soldering together two hemispherical bowls that were 
spun from copper. Their shape was quite satisfactory, 
as measurements of the curvature by means of a sphe- 
rometer did not vary more than one per cent. The 
shanks were brass tubes, projecting 60 cm. from the 
spherical surface, each tube having a diameter about 
one-eighth of that of the sphere to which it was fitted. 
For the determination of sparking between a sphere and 
a plane, sphere of infinite radius, two sizes of plane 
surfaces were used, one being about 50 cm. in diameter 
and the other 150 em. At short spacings, it was found 
that the determinations were practically the same, 
using either plate. Only when the spacing became 
large, about one-sixth of the diameter of the plate, 
did deviations begin to appear. From this, it was con- 
cluded that with the 150-cm. plate, the sparking 
voltages as measured might be assumed to be indepen- 
dent of the diameter of the disk for spacings smaller 
than 25 em., which was the upper limit contemplated 
in the investigation. The small disk, 50 cm., was a 
cast iron plate with the surface carefully scraped. The 
larger circular plane, 150 cm., was made of galvanized 
sheet iron with a 34-in. (2-cem.) lead tubing soldered all 
around the edge. 

Three pairs of cross-cylinders were used: one pair 
with 25-em. in diameter being 48 in. (122 cm.) long 
excluding the hemispherical ends, and the other two 
pairs, both 5 in. (12.7 em.) in diameter, being in two 
different lengths, namely, 24 in. (61 em.) and 48 in. 
(122 em.), respectively. They were supported hori- 
zontally at the ends at about four feet (120 cm.) from 
ground. 

The method of voltage measurement was by com- 
parison with a pair of standard 25-cm. spheres, the 
sparking curves being those given by the A. I. E. E. 
standards. Two transformers, both having the center 
of the high voltage winding grounded, were first cali- 
brated against the 25-cm. sphere-gap to determine 
their ratios of transformation. Knowing these, the 
sparking voltages on unequal spheres and _ cross- 
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cylinders were determined from the readings on the 
low voltage side of the transformer. The voltage 
ranges of the transformers were approximately 150 kv. 
between terminals for the smaller unit and either 250 
kv. or 500 kv. between terminals for the larger unit, 
according to whether the low voltage side was connected 
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in series or in parallel. The wave shape of the low 
voltage supply was very nearly sinusoidal. The 
frequency was 60 cycles. 

In all of the determinations, the atmospheric density 
was corrected for. The correction factor was taken to 
be simply 3.92 B/(273 + t) to reduce all observations to 
the standard condition of 76 cm. Hg and 25 deg. cent., 
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B being the barometric reading in cm. Hg and ¢ the 
temperature in degrees centigrade. 

Experimental Data and Results. In the following 
tables, the coefficients of gradient have not been en- 
tered, their values being interpolated from the curves 
constructed from the tables of values already given, 
Figs. 1, 2, 3, 4. Calculations for the gradients were 
made only for cases in which the spacing was under 
twice the radius of the smaller sphere, as beyond this 
spacing there was good reason to suspect the formation 
of corona before a spark-over so that similar computa- 
tions would become meaningless. 

Each value is the average of five consecutive readings. 


Unless otherwise indicated, deviation from this average - 


is small and negligible. 

The symbols at the head of each column are: 

aand b = radii of spheres, in cm., 

X = spacing between the spheres, in em., 

V = sparking voltage when both spheres are in- 
sulated and are at equal and opposite potentials, in 
kv. eff., 

V, = sparking voltage when small sphere is insulated 
and the large one grounded, in kv. eff., 

V2 = sparking voltage when large sphere is insulated 
and the small one grounded, in kv. eff., 

Gi = VS 29 F3/X; Gay = OV Fag Xe: and Go 
= 2V.F./X are the maximum gradients at the 
surface of the small sphere corresponding to the three 
arrangements, in crest kv. per cm., 

G2 Vi XS “Gi = 9/2 Va F/X;. and 
Go. = V2 V2F2./X are the corresponding maximum 
gradients at the large sphere, in crest kv. per cm. 

Summary of Results. Part of the above data has been 
plotted into several sets of characteristic curves. From 
these (Figs. 5, 6, 7, 8) the following points may be 
inferred: 

1. Unstable Part of the Curves. There is a part in 
each sparking curve where the sparking voltage is not 
definite. These parts have been shown as dotted lines. 
The irregularities at these portions are presumably due 
to the formation of excessive corona and begin at a 
separation somewhere around three or four times the 
diameter of the smaller sphere. 


TABLE IV 
COEFFICIENTS OF GRADIENT FOR CROSS-CYLINDERS 


Both Electrodes Insulated 
X =spacing; a = radius of cylinder 


X/a F X/a E 
0.0 1.00 1.6 1.23 
0.2 1.01 2.0 1.29 
0.5 1.06 2.4 1.35 
0.8 TL 2.8 1.41 
14 iGa ire 3.0 1.44 


2. General Character of Curves of Series I, Both 
Spheres Insulated, and Series II, Small Sphere Insu- 
lated. ‘These two series as shown by Figs. 5 and 6, 
show that the more nearly equal are the diameters of 
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the spheres the higher is the sparking curve. Thus 
the highest curve is the one for equal spheres as inter- 
polated from the data of the A. I. E. E. standards while 
the lowest curve is the one between a sphere and a plane. 

3. General Character of Curves of Series III, Large 


150 aaa 


100 


50 


SPARKING VOLTAGE, KV. EFF. 


20 25 


10 15 
SPACING, CENTIMETERS 


Fic. 5—Sparxine Vouttaces V BerweEn UNEQUAL SPHERES 


Diameter of small sphere = 5.05 cm. 
Diameter of large sphere = 2b, as indicated 
Both spheres insulated 


150 se a ae 


| - 
100 ee a 


SY Pave 


SPARKING VOLTAGE, KV. EFF. 


ao 

Cc 
= 2 

— 


0 _L 
10 15 20 
SPACING, CENTIMETERS 


6—Sparkine Vottaces V; BerwEen Unequay SPHERES 


25 


Fia. 


Diameter of small sphere = 5.05 cm. 
Diameter of large sphere = 2 b, as indicated 
Small sphere insulated; large one grounded 


Sphere Insulated and Small One Grounded. The same 
conclusions cannot be reached in this case as in the 
previous two cases, Fig. 7. When the diameters of the 
spheres do not differ greatly, the sparking curve bends 
over much more than the corresponding curves in the 
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other two series. A probable reason for this will be 
given when the sparking gradients are studied. It 
will also be seen that the sparking curve between a plane 
and a sphere is again lowest. 
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4. Sparking Gradients for Series I. From the tables, 
it is seen that the sparking gradients G; at the smaller 
sphere are very nearly constant for a given size of the 
smaller sphere within the range of the spacings investi- 
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gated. The general relation is: the smaller the radius, 
the higher the sparking gradient. 

5. Sparking Gradients for Series II. The values for 
Gi, v. €., when the smaller sphere is insulated, will be 


TABLE V 
UNEQUAL SPHERES 
2a = 5.05 cm.) 26 = 10.0 cm.: b/a = 1.98 


x \Z Vi Ve G, Gu Gar G2 G21 Go» 
2.03 38.5| 39.8] 40.6] 38.1 406.3829) | 2720)-1)2:7.0- | 29.5.5 
3.05 51.0 -50.7 55.3/-38.8 | 41.5 | 39.0 | 24.4 | 22.0 | 29.0 
4.06 O10! (58561) 67281394, 4207 1eB870) 227 18.4 | 29.3 
5.08 69.4] 64.5] 78.5] 39.9 | 43.8 | 36.7 | 21.8 15.65). 30.2 
6.10t| 76.2] 71.6] 89.0 

408 85.5] 77.1] 104 

9.65 95.8} 82.0) 121 
12.70 | 107 88.1] 138 
Lie On| LZo* 101* 152 
22.85 | 141* 108* 156* 


{From this point on, the gradient was not calculated on account of the 
formation of corona. 

*Individual readings varied considerably from the average value here 
given. 


TABLE VI 
UNEQUAL SPHERES 
2a =5.05cm.; 26 = 20.0 cm.; b/a = 4.00 


xX V V1 V2 Gy Gu Gy Ge Gin G22 
| 2.03 36.7 | 36.8 hie eel ROME 39.22 || 38a7 224) QI 23a 
' 3.05 47.2| 46.4 AS S21-3930)|) 89% | 1883 ESD 17.4 19.5 
4.06 55.4 | 53.3 58.0} 39.4 | 40.4 | 38.7 15.9 USO 17.8 
5.08 62.0 | 59.0 65.8] 39.8 |} 41.5 | 38.3 14.2 12.6 17.18 
6.60t| 70.5 | 64.7 78.3 
7.62 1675 \ 702 84.4 
9.65 85.25.7500 98.1 
12.70 94.8 |} 80.3 | 118 
17.78 |-124 88.3 145 
22.86 | 134* 99.0* | 171 

TABLE VII 
UNEQUAL SPHERES 
2a = 5,05 cm.> 2.6 == bYay =o 

ox Vv Vi V2 Gy Git Gat G2 Gi Gr» 
2.03 34 .8:j735.1 Sole 38.8 | 39.2 39 ok 18.6 18.8 deSeeyi 
3.05 ASO) || 43:23. 4 aco lesen’ WSO cOm lea OnOl i Ls come) Meh cin ettes em 
4.06 49.0} 49.4 | 49.2 | 39.2 | 39.4 | 39.2 10.3 10.4 10.3 
5.08 54.3] 53.8 54.3 40.8 | 39.9 | 40.3 8.22 8.10 8.15 
6.60t| 60.0] 59.4 | 60.0 
7.62 62.5] 61.6 | 62.3 
10.16 672 2)) 66.7 6755 
12.70 (Gis ORES VA SS} 

2 RW fees 85* $1.5. 185.2 
22.86 | 100* 93* 95.1 
TABLE VIII 
UNEQUAL SPHERES 
2a =10.0cm.; 26 =15.0cm.; b/a = 1.50 

xX V Vi Vo Gy Gi Go G2 Gi2 G22 
2.03 AT | #40 830 41 SL S424) 84 ie S422 {ESOS teeOl eae Or 
3.05 59 AN OSV 5Ous Sb) | (85.8) INS4. Oo) (29045 2854 30rd 
4.57 82.16) 79.01) 8420) 83653" |) $6. 71-384 780)" 28.51 26.05 SOR 
6.60 | 104 97.51 112 36:1) 8773" .33..9 12654 eee esse 
8.64 | 122 110 135 36.0) hSScb i S22 17.9 | 34.0 
10.16 | 132 118 151 35.8 | 39.2 | 31.3 | 24.6) 16.0 | 35.7 
12.70T| 148 128 168 
15.24 | 163 145 178 
20.32 | 187 152* 194 
25.40 | 206 145* | 203 


seen to increase somewhat with the spacing. This 
increase seems to be greater as the ratio of the radii, 
b/a, is more nearly unity. Thus for equal spheres, this 
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increase will be found to be greatest and fora planeand _ of the larger sphere, 7. e., of G. and Giz, seems to be 
a sphere, it is almost entirely negligible. negligible since they vary between wide limits. It is 

6. Influence ofG:andG,.. For the twoseriesabove probable that they do not have any primary effect in 
discussed, the influence of the gradients at the surface causing the sparking, which, as already pointed out, 


TABLE IX TABLE XIII 
UNEQUAL SPHERES UNEQUAL SPHERES 
2a =10.0cm.; 26 = 25.0cm.; b/a = 2.50 2a = 20.2cm.; 26 = 0; b/a = % 
XxX Vv Vi | Ve Gi Gu Go G2. | Gio | Go a y Vi ve &% Gu Gat fe Gi Ga 
| 
2.08 | 42.0| ana] 41c| 35.6 | 35.2 | 35.2 | 28:3 | 38.6 | 283 2°08 | Bh-B) SO eee 
S.05 |) OSes. bet.) SVS) S6aL |) 3600 35.35) 2620 j225220 1/2607. ee eae ata Sea soins cadet aoe | its ae 
i | eagle aloes a ial Be Sel | SacI al) oral iia enc 6.60 |104 |104 |103 | 33.0 | 32.8 | 32.5 | 18.1 | 17.9 | 17.8 
6.60 | 96.5} 92.1|101 | 36.2 | 37.1 | 35.2 | 19.7 | 17.0 | 22.5 goa tise. Vises lide it hie Nese boole ee oe 
8.64 | 112 104 |121 36.44 S747 MW S4e8) lial 70. ata Rss cose | fe x ; one a z k . 
Re cosines lye lian bocoeeltaa aul deo 4 ora icos 10.67 1137 36 |138 “3258 9)'s2. 87S3-08| 12 -914|) toncmletono 
ee voaee. chasse te | a aca apie 43.21 |153 7 151) 154°) (838s 932, Sa3a24ul 10, 81810 eSaIetOmG 
ieee ica ik obaes 16.25 |}168 |165 |172 | 33.6 | 33.0 | 34.4] 8.83] 8.65] 9.05 
ae aes 20.32t/183 |180 | 190 
a ee | 25.40 |196 |194 !214 
25.40 | 18 142 
TABLE XIV 
UNEQUAL SPHERES 
TABLE X 2a = 25.0 cms 2b — wo; b/an—s00 
UNEQUAL SPHERES 
Bx V V Vv & G G G; G G 
2a =10.0cm.; 2b = 0; b/a =o : ; ; zs ie : 3 i 
2 = : 2.03) || 41.0), 41-0] 41.6] 31-5 | 3125 [3155 | 272 0s|b27,0meoeel 
x Y Vi V2 G Gi | Ga G2 Giz |- Goo 3.05 | 58.6] 58.4| 58.2] 31.6 | 31.4 | 31.4 | 25.1-| 25.0 | 2478 
; é i 4.57 | 82.2| 81.3] 81.9] 31.7 | 31.5 | 31.6 | 22.5 | 22.2 | 22.4 
2.03 | 39.9) 39.5) 39.5) 35.7 | 35.2 | 35.2 | 24.2 | 24.0 | 24.0 6.60 |107 |106 |108 | 31.4 | 31.4 | 31.6 | 19.0 | 19.0 | 19.4 
3.05 | 53.1) 53.2) 52.9) 35.4 | 35.5 | 35.2 | 20.2 | 19.6 | 20.0 9.15 [130 — 4337 -|\135' | $1.0] 31-5) Sisco) 15-9 Geiaenees 
Bee re eee or cee np Soc oes} AG, 8. | 1B | toeG Wit 1Sta ame phos || 162 e008 Sine alee too eet Ones ae ee 
6.60 | 82.6) 82.2| 82.0) 35.9 | 35.7 | 35.6 | 11.7 | 11.6 | 11.6 13.71-|165- 16s) v2. |"81.3 | 31.7 | 32260) 12-0) 12eommtoes 
8.64 | 92.4] 91.7] 92.5| 36.2 | 36.0| 36.2] 8.89} 8.83] 8.90 47 57 1isg lise |195™=1 31.6 | 32.1. | 98.3 | 9.881 10.0 | 10.4 
10.16 | 99.6] 99.5| 99.5] 37.0 | 36.9 | 36.9 | 7.55] 7.55] 7.55 93 34 | 205 39 5 SHod 
12.70}/ 108 | 107 | 108 25.40 | 221 32.8 6.72 
15.75 |119* | 116* | 117 
19.30 | 122* | 134* | 128 
25.40 |133* |138* | 142 TABLE XV (A) 
CROSS-CYLINDERS 
Diameter = 12.7 cm.; net length = 61 cm. 
TABLE XI Both Electrodes Insulated 
UNEQUAL SPHERES e : - = = 
Da— 15,0'ems: 20 = 20.2 cm.) b/a = 1.345 pra 
: ; 2.23 45.7 30.3 7.14 134 30.4 
x Ms VE Ve | G | Gu | Gar | G2 | Gi | Ge 3:17 64.3 30.1 9.65 169 30.0 
4.32 88.5 30.5 11.15 1 : 
2.03 | 42.5| 42.4] 42.5] 33.0 | 32.9 | 32.9 | 31.8 | 31.8 | 31.8 herr HAS eae os “ae 22:8 
3.05 | 60.7| 60.5] 60.6] 33.0 | 33.2 | 32.7 | 30.0 | 29.7 | 30.2 i ; 4 
4.57 85.7) 84.1] 86.0] 33.4 | 33.7 | 32.7 | 29.2 | 27.8 | 30.2 *Sparking across the ends; not reliable. 
6.60 |113 |108 |117 | 33.6 | 34.3 | 32.5 | 28.2 | 25.1 | 31.3 
BesG4n| 137129 146 ole340 0) 35.38 |es2e2~1 2744.) 23 26|632,6 
10.67 |157  |143 |171 | 34.0 | 35.9 | 31.2 | 26.7 | 20.2 | 34.1 - TABLE XV (B) 
13.71 |182 |160 |198 | 34.1 | 36.8 | 28.5 | 26.1 | 17.1 | 35.7 F 
CROSS-CYLINDERS 
15.24 | 191 - 34a Seles be Sa me 
16.767| i, 172 Diameter = 12.7 cm.; net length = 122 cm. 
19.30 | 218 182% Both Electrodes Insulated 
22.86 . | 199% 3 a = : E 
: x V 
25.40 | 248 | 205* As : a i e 
2.74 55.8 30.3 9.75 171 30.3 
3.83 ede 80.3 11.86 195 30.1 
TABLE XII 4.95 96.7 30.5 14.00 221 29.7 
ae 6.43 122 30.7 15.40 242 30.2 
2 : 
UNEQUAL SEBERES 7.95 145 30.5 16.50 255 30.3 
2a =—15.0 cor; 2b) =o; b/a = 0 
x Aah Odie Le? | G Gi} Gai G2 Gio G22 TABLE XVI 
2.03 | 40.5| 41.1] 41.8] 33.5 | 34.0 | 34.5 | 25.7 | 26.1 | 26.5 ; ARS ELON LS 
3.05 | 56.9] 57.0] 56.5] 33.8 | 34.0 | 33.6 | 22.9 | 23.0 | 22.8 Diameter = 25.0 cm.; net length = 122 cm. 
4.57 | 75.9| 75.5| 74.8| 34.0 | 33.7 | 33.4 | 19.1 | 19.7 | 18.8 Both Electrodes Insulated 
6.60 | 94.7| 94.6] 94.5] 33.7 | 33.8 | 33.7 | 15.2 | 15.2 | 15.2 3 ; : 
8.64 |109. |109 | 110 | 34.1 | 34.1 | 34.3 | 12.2 | 12.2 | 12.4 = \ G x ¥. G 
10.67 |120 |121 14122 | 34.2 | 34.2 | 34.7 | 10.0 | 10.1 | 10.2 as * 
13.71 |135 |133 |137 | 35.0 | 34.4 | 36.0] 7.85] 7.72| 7.94 Boe rad RL 9.60 179 28.5 
16.767} 146 | 144 | 149 | " args 291 12.38 221 28.2 
19.30 1155 153 | 160 | | 5.03 9.5 29.4 14.40 245 27.8 
22.86 | 165 166* |172 | | 7.95 at 2825 17.60 291* 
25.40 | 170 171* |180 | 


*Sparking across the ends; not reliable. 
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seems to be mainly governed by the gradients G, and 
Gi; at the smaller sphere. 

7. Sparking Gradients for Series III. For the third 
series, namely, that in which the smaller sphere was 
grounded with the high voltage applied to the large 
sphere, the sparking gradient G2, at the surface of the 
smaller sphere sometimes increases and sometimes 
decreases with the spacing while the values of Gy, 
2. e., the gradient at the larger sphere, are not always 
smaller than G.;. In fact, for the cases in which the 
sparking curves in the third series bend over and inter- 
sect the others as noted in (3) above, the gradient 
Gz. increases and finally becomes larger than Gy; 
see Tables VIII and XI. In these cases it is probable 
that the law of sparking should be formulated to take 
account of the influence of both Gy. and G2;. Thisisa 


200 


Curve = Plot of Eq. (5) 


Points = Values from Eq. (6) 


150 


100 


50 


OC = NO. OF IONIZING IMPACTS PER CM. PER ELECTRON 


% 10 20 30 40 50 60 
G= FIELD INTENSITY IN KV./CM. (STANDARD DENSITY) 


Fig. 9 


probable explanation why the curves in this series bend 
over much more than the corresponding curves of the 
other two series. 

8. Comparison of Curves for the Three Series. 
When the same pair of spheres is used, it will be seen 
that the sparking curve is highest’ when the smaller 
sphere is grounded and lowest when it is insulated, with 
the case when both spheres are insulated and are at 
equal and opposite potentials falling in between the 
two. For the arrangement when one sphere has in- 
finite radius, 7. e., a plane, all three curves are practi- 
cally the same. 

9. Data on Cross-Cylinders. The general relation 
that the smaller the radius, the higher the sparking 
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gradient, has been found to be also true in the case of 
cross-cylinders. When the electrodes are at equal and 
opposite potentials, this gradient seems to be a constant 
for the spacings considered. As no mathematical cal- 
culation has been made to determine the sparking 
gradient when one cylinder is grounded, nothing can be 
inferred about this arrangement. Measurements of 
the sparking voltages in this latter arrangement showed, 
however, that the sparking voltages were not far dif- 
ferent from those determined for the former case of 
both insulated electrodes. Because of the flux discribu- 
tion, it will be noted that the sparking curve for cross- 
cylinders lies higher than the corresponding curve for 
spheres with the same radius, Fig. 8. It should also 
be noted, however, that the sparking gradient in the 
case of cross-cylinders is smaller than the corresponding 
value for equal spheres having the same radius. 

From the data on the two lengths of the 12.7-cm. 
cylinders, it will be seen that when the spacing was be- 
low one-sixth of the net length of the cylinder, no 
appreciable difference in the sparking voltage was 
observed by using either pair of electrodes. 


Part Il 
THEORETICAL CONSIDERATIONS 


Before proceeding to a discussion of the Davis theory 
of the corona, from which it will be shown how to 
derive the relation between the sparking gradient and 
the radius of the sphere, it would be advisable to give a 
brief account of Peek’s theory of the sphere-gap so as 
to afford a ready comparison of the two. Peek! as- 
sumes that air has a constant dielectric strength Go. 
But to cause rupture, energy as well as gradient is 
necessary. Thus corona or sparking does not occur 
when the gradient at the surface of the electrode equals 
Go, because energy has not yet been supplied sufficiently. 
It is only after the gradient at a certain distance away 
from the surface of the electrode equals G, and hence 
that at the electro le exceeds Go, that the energy supplied 
is great enough to cause arupture. Thus due to curva- 
ture of the electrodes, the sparking gradient at the 
electrode with the radius a should satisfy a relation: 

G. = Go (1 + A/V a) (1) 
in which A is a constant, G, the constant dielectric 
strength of air and a the radius. From his results on 
concentric cylinders, parallel wires and spheres, Peek 
finds that the values for G, vary somewhat for the three 
arrangements. He attributes this variation to the 
unbalancing of the field and claims that the dielectric 
strength of air is probably given by the value 31 kv. 
per cm. as obtained from the determinations on con- 
centric cylinders where the field distribution is the same 
on all sides. In the case of parallel wires, there is some 
unbalancing so that G) becomes less, being only 29.8 
kv. per cm., while for spheres, the unbalancing is 
greatest, in consequence of which the value of G, is 
also lowest, being only 27.2 kv. per cm. 

Besides this difficulty and the rather indefinite 
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magnitude of the rupturing energy required by Peek’s 
theory, it is also necessary to account for the variation 
of the sparking gradients in the cases when one of the 
spheres is grounded. Although arguments have been 
advanced to explain this variation, they are not at all 
convincing”. As Bergen Davis has demonstrated 
how the theory of ionization by collision can be applied 
to the corona formation around cylindrical conductors, 
it appears best to extend this to the case of the sphere- 
gap since our present knowledge and confidence in the 
electron theory is far greater than at the time of the 
deductions of Davis. 

According to this theory”: At atmospheric condi- 
tions, ionization of the gas molecules is primarily due 
to the collisions with electrons. The ionizations caused 
by positive ions and photoelectric effects are very small 
and may be neglected. This ionization is cumulative 
and the formation of corona or a spark is governed by 
the condition: 


40 


Oz 
No Yor 


log = Ke (1) 
in which, 

n = density of electron at surface of sphere, 

nN) = density of electron at a distance yo— a from 

surface, at which ionization by collision is 

appreciable 
radius of sphere and 
no. of electrons produced by one electron in 

going through a distance of 1 cm. under a 

gradient of G kv./cem. 

To integrate (1), it is necessary to express @ in terms 
of y. This can be done if the relation between a and G 
is known, because, as will be shown in the Appendix, 
for small distances away from the surface of the sphere, 
the gradient G varies inversely as the distance from the 
center of the sphere. Thus, if Go is the gradient at the 
point on the line of centers whose distance from the 
center of the sphere is yo, and G, is the gradient at the 
surface of the sphere with radius a, then G, = Go yo?/a’; 
and, in general, if y is the distance of a point on the line 
of centers from the center of the sphere, the gradient 
atyisG = Goy?/y? = G, a /y’, if y — ais small. 

Regarding the relation between a and G, Bergen 
Davis has developed a formula by considering the 
energy required for ionization. In terms of the ioniza- 
tion potential » and the mean free path L of the elec- 
trons, this relation takes the form: 


Tr Bi(-Gz) 
REE NES 
where Ez is the exponential integral. Using the value 
v = 10.2 volts as found by Bishop” and taking L as 
4 ,/2 times the mean free path of the molecules in air”, 
1.€.,4 /2 X 9.83 x 10°§ = 5.55 x 10°* cm. for the free 
electrons in air, values of a can be calculated for dif- 
ferent G’s. A calculation of this sort has been made 
using the tables of Jahnke and Emde” for the values 


C= 
8 


OR irra, 
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atk (2) 
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of the exponential integral. For values of G covered by 
the investigation, it is found that an empirical quad- 
ratic relation represents the theoretical relation (2) 
very satisfactory. This relation is: 

a =C(G— G,)? = 0.1384 (G=— 25) (3) 
where G is in kv. per em. The agreement between 
(3) and (2) is well shown by the accompanying curve, 
Fig. 9. As relation (2) can not be used for integration 
in finite terms, relation (3) will be used. Also as 
G = Go y0?/y’, (3) can be written as 


Zz, a 
us Ss 1 | 
y 


Substituting this into (1) and performing the indicated 
integration, it is found that 


a= cae (4) 


2 8 G 
SC S30 f= 
a 3 G, 


igfeGe i Ke ] 
tec ee 

- In this form, the equation still contains a quantity 
no, of which nothing is known. If it is assumed for the 
present that the total number of electrons crossing any 
spherical surface completely enclosing one of the elec- 
trodes remains always the same, then the density of 
electrons on any such spherical surface will vary in- 
versely as the square of the radius. In the equation 
above given, it is then permissible to put the quantity K 
equal to a constant. Granting such an assumption, 
the theory then leads to the result that the sparking 
gradient is a function of the radius of the smaller sphere 
only. 

In his theory of the corona, Davis had to do with a 
similar quantity which he assumed to ke constant and 
equal to 6 for concentric cylinders and to 4.3 for parallel 
wires. If K is taken as 4 for the sphere-gap, it will be 
found that equation (5) agrees fairly well with the data 
given by the Institute standards and those of the present 
investigation when only the case of symmetrical ap- 
plication of voltage is considered, 2. e., when both 
spheres are insulated and are at equal and opposite 
potentials. In fact, changing the square-root function 
to a quadratic function by the following empirical re- 
lation, which will be found to be accurate to within 
half of a per cent for values of X lying between 1 and 2, 
namely, 


lo 
S No Yo 


(5) 


s/f X =— 0,071 X? + 0.680 X + 0.441 (6) 
the relation (8) can be put in the form: 
0.288 / K 
G.= (1.105 + wees vee lie (7) 
With K = 4 and G)as 25, (7) at once becomes 
G = 27.6(1+4 uae ) (8) 
(2h ia ° eye 
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whose similarity to the relation of Peek, viz., 
Go = 27.2 (1 + 0.54/+/ a) 

or to that of Russell, vzz., 
G, = 27.4 (1 + 0.515/+/ a) 


is very remarkable and striking. 


CONCLUDING REMARKS 


It should be noted that in the above work, the value 
of kK has been assumed to be constant. It is the sim- 
plest assumption. On closer examination, it will be seen 
that n) cannot be as simply related to y» as an inverse 
square relation. For instance, as shown by Davis in 
his theory, when the spacing is very short, the electrons 
moving outward will be taken up and neutralized by 
the other sphere and the process of cumulative multipli- 
cation at the surface of the sphere M will not take place 
as readily. In fact, for short spacings, 1 yo? decreases 
as the spacing (hence K increases) because of the dis- 
appearance of a number of electrons at the surface of 
the other electrode. It is therefore possible to explain 
the rapid increase of the sparking gradient as the 
spacing is decreased to very short values. Thus the 
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simple relation of Peek and Russell, which may be de- 
rived from the theory of Davis, appears to be merely 
an approximation giving good results only for special 
cases, namely, when both spheres are insulated and are 
at equal and opposite potentials, in which case it is 
permissible to assume K to be a constant independent 
of the arrangement. As for the cases in which one 
of the spheres is grounded, the value of K is probably 
influenced both by the gradient at the surface of the 
larger sphere and the spacing between them, so that it is 
no longer a constant independent of the arrangement. 
On this account, it is thus also possible to explain why 
the constancy of the sparking gradient 1s not of general 
validity. A point of interest to note is that the smaller 
value of Go, Peek’s notation, for spheres, wz., the 
value 27.6 as against 31 for concentric cylinders or 
29.8 for parallel wires, is a natural consequence of the 
theory and does not require any explanation such as 
that advanced by Peek. 

The writer is under great obligation to Prof. A. 
Wilmer Duff and Prof. Harold B. Smith for suggestions 
made and for facilities and encouragement in the 
preparation of the paper. 
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Current Collection from an Overhead Contact 


System Applied to Railroad Operation 
BY S. M. VIELE: 


Non-member 


Synopsis—This paper discusses, from a non-mathematical 
standpoint, certain factors which should enter into the design of an 
overhead contact system on an electrified railroad. It emphasizes 
desirable features, mechanical and structural, and indicates practical 
limits which conditions will permit in the attainment of these 
features. 

Tests made by the Pennsylvania Railroad with slow-motion 


photography are outlined. These tests were made to determine 
operating conditions of the catenary construction with two different 
types of supporting attachments, over both curved and tangent 
track. Deflections and oscillations were studied in order to bring 
out the most productive sources for future study and improvement 
of the design in respect both to elimination of wear and to matn- 
tenance of uniformly good current collecting qualities. 


permits the installation of the contact conductor 

in such a position that, although within relatively 
easy access to the public, in general, it is not an undue 
hazard to them. The use of higher potentials on such 
systems has carried with it increased hazard, which has 
necessitated the isolation of this conductor at distances 
which materially reduce the hazards of accidental 
contact. 

Isolation has usually taken the form of an overhead 
contact conductor along which a shoe or wheel is carried 
by the locomotive or car. The distance from the rail 
to the contact wire varies through relatively wide 
limits due to the exigencies of the conditions to be met 
along practically all railroad rights-of-way. Overhead 


f ‘HE use of low potentials on a contact system 


1. Asst. Electrical Engineer, Pennsylvania Railroad. 
Presented at the Summer Convention of the A. I. BE. E., Detroit, 
Mich., June 20-24, 1927. Complete copies upon request. 


bridges, tunnels and other obstructions require con- 
struction at heights which will permit little more than 
actual clearance for the rolling stock, whereas reduction 
of hazard to trainmen and the public generally requires 
a greater clearance than that usually obtainable through 
obstructed territory. 

The height of a multiple-unit car, such as is used in 
our suburban service, to the crown of the roof is 18 ft., 
0 in. (8.96 m.) The height of an electric locomotive 
of L 5 class is 18 ft., 5 in. (4.09 m.). These dimensions 
have resulted in our setting a minimum trolley wire 
height of 15 ft., 3 in. (4.65 m.) in completely electrified 
territory where steam locomotives are not permitted to 
move. This minimum trolley height is never used 
except where the conditions necessitate. It represents 
conditions in tunnels and is occasionally approximated 
at overhead bridges. 

The installation of a contact system at such an 
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elevation would make approach to the roof of cars or 
locomotives very dangerous and would not represent an 
operative condition if used, except in very limited 
stretches. 

In case operation should require an employee on top 
of the rolling stock for minor repair work, the height of 
trolley should be 22 ft. (6.71 m.) as this is the minimum 
height with which it is at all feasible to make even minor 
repairs. This includes an allowance of about one ft. 
(0.80 m.) for the increased sag under.hot weather con- 
ditions. Such a dimension for trolley height has been 
adopted for suburban territory. It is not an ample 
clearance but some work can be done if proper care is 
taken. At the same time, my own experience does not 
permit me to say that it is a position of mental comfort. 
Two feet more, or a total contact height of 24 ft. 
(7.31 m.) is, from a clearance standpoint, a very much 
better proposition. This additional two-ft. (0.61 m.) 
clearance above a minimum of 22 ft. (6.71 m.) is very 
hard to obtain and in some cases almost impossible in 
urban districts, owing to the requirements placed for 
city grades, adjacent property conditions, etc. In open 
country, where there are relatively few overhead 
bridges, the 24 ft. (7.31 m.) can be obtained and such a 
standard set. 

The distance from rail to contact wire will vary from 
about 15 ft. (4.57 m.) to approximately 25 ft. (7.62 m.). 
This variation requires that the device which carries 
the actual contact member and bridges the space be- 
tween the locomotive or car roof and the contact wire 
shall be capable of operation at varying heights over a 
range of some 10 ft. (8.05 m.). Its operating range 
should permit of its minimum height position being 
about three in. (0.08 m.) below the minimum operating 
height position and it should be capable of extending 


Fia. 


Steadying against side-sway on standard tangent track is accomplished in 
a similar manner 


J—View or STANDARD CONSTRUCTION ON CuRVED TRACK 


some 6 in. to 12 in. (0.15 m. to 0.80 m.) beyond its 
highest operating position. 

Pantographs, carrying collecting shoes, have been 
exclusively used by the Pennsylvania Railroad for this 
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purpose, for high voltage service. We have two broad 
classifications for pantographs, depending upon the 
equipment to which they are to be applied, 7. e., loco- 
motives and multiple-unit cars. The multiple-unit 


Fig. 


“ Steadying against side-sway on special curved track is accomplished in 
a similar manner 


2—ViEw oF SPECIAL CONSTRUCTION ON TANGENT TRACK 


pantograph is a single shoe device of relatively light 
construction, whereas the locomotive pantograph is 
heavier and carries two shoes. The weights of these 
equipments are of the following order: 


Pounds 
Gross ive Shoe 
Locomotive....... 1400 (635 kg.) 243 (110kg.) 33 (15 kg.) 
Multiple unit...... 710 (322kg.) 100( 45kg.) 14 (6.3kg.) 


*Shoe and extensible frame work 


In both types of equipment, the “live” weight is 
carried by the journal of a rotative shaft at each end 
of the pantograph, the two shafts having connected 
thereto the bottom members of the pantograph movable 
framework, which members are held in supplementary 
angular relation with the base of the device by bell 
eranks and interconnecting links. In all operating 
positions, the weight of the “live” parts is eccentric 
to the shafts, which produces a torsional moment on the 
shafts which varies in amount throughout the entire 
operating range. This torsional moment is counter- 
balanced with helical springs, in tension, applied 
through chains operating over cam surfaces, the latter 
being attached to each end of each shaft. 


The necessity for a small collapsed height of panto- 
graph does not permit of a very large radius for the cams 
nor a large elongation of the springs and, consequently, 
the spring tensions are material. This spring tension is 
used to support the pantograph in all operating positions 
and to provide the force required for upward accelera- 
tion of the shoe and frame work, as well as to overcome 
the frictional resistance to upward movement. 
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Collection requires that the force of contact should be 
as near constant as is feasible and that the friction of 
vertical movement of pantograph should be relatively 
small. It becomes evident that this is not a simple 
problem when it is considered that the spring tension 
on a multiple-unit pantograph for operation on trolleys 
at 22-ft. (6.71 m.) elevation is 460 lb. (208.6 keg.) for 
the minimum operating height and 150 Ib. (68.0 kg.) 
for the maximum operating height, in each of four 
springs, and that the weight of the moving members 


Fig. 3—HNLARGEMENT FRom Stow-Mortion PictTuRE 


This shows the locomotive pantograh shoe parting contact at the trailing 
end of a wire splice 


is of the order of 100 lb., (45.4 kg.) the latter being 
variably applied. A pantograph operated vertically, 
on a stationary block, exerts 18 lb. (8.2 kg.) of upward 


force under slow motion conditions, with a total varia- . 


tion of force of about 10 per cent. Downward motion 
produces approximately 10 per cent additional variation. 

The above figures are based upon favorable con- 
ditions. If sleet accumulates on the framework, it 


re 
TRAFFIC oi 


Fig. 4—Criose-Up or Bapty Worn Wire SPLICE 


F This picture shows the occurrence of wear at the approaching end and 
pitting action at the trailing end of the splice 


does not take long until sufficient weight is added to 
overcome the 18 lb. (8.2 kg.) of upward force. Wind 
loads have affected the operation of some of the early 
designs to a sufficient extent to actually drop the 
mechanism. 

It has been frequently asked why the upward pres- 
sure should not be increased so as to have a larger work- 
ing margin. Two major limitations exist. 
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In case the sum of the pressures of all pantographs on 
a given span of contact wire approaches the weight of 
construction lying immediately adjacent to the contact 
plane, columnar instability of the overhead results. 
If the pressures are increased sufficiently, the contact 
wire will occasionally turn over, exposing the contact 
wire attachments to blows from the passing pantograph. 

The wear on shoes and the contact wire itself is, for a 
non-lubricated contact, a function of the mechanical 
abrasive effect varying with pressure, and the pitting 
and burning effects caused by current flow. 

The most economical pressure apparently varies with 
the current collected from a single shoe. As the current 
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5—Location Diagram or Stow-Morton Pictures 


value decreases, lighter pressures can be advantageously 
used. This is fortunate, as otherwise it would be diffi- 
cult to operate some four to six multiple-unit panto- 
graphs in a given span without increasing the weight of 
actual contact system or providing special stiffening 
attachments for the contact wire. 

The force required for downward acceleration of the 
“live” parts of the pantograph is the sum of the upward 
thrust of the shoe plus an increased reaction to cause 
downward acceleration. This sum must not reach a 
value which will permit the turning of the contact wire. 
It follows that the upward acceleration forces which are 
permissible in the pantograph are less, by an amount 
necessary to produce maximum downward accelera- 
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tion, than those which will be sufficient, under any 
conditions, to cause overturning of the contact wire. 
It should be borne in mind that the downward accelerat- 
ing forces vary with speed of traffic, gradients, changes 
of sag, etc., and a suitable margin must be left between 
these totaled upward pressures and the weight of the 
construction adjacent to the contact plane. 

A pantograph shoe is limited in length (about four 
ft. (1.22 m.) transverse to the track), and if the over- 
head is not properly located over the track, or if the 
catenary is permitted to sway under wind conditions to 
a sufficient extent, the shoe passes to one side of the 
contact wire, rises to an elevation above the contact 
wire and practically always catches in some part of the 
overhead, with the result of damage to the pantograph 
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tudinal equalization of tensions and permit as great a 
vertical movement of the contact member at the 
support points as is possible. The above represents the 
mechanical requirements. Electrical requirements in- 
volve the maintenance of potential across the insulators 
and of suitable clearances. Maintenance requires easy 
access with suitable working clearances, prevention of 
burning of the vital members of construction in case of 
flashover of insulators, and in case of damage, the 
positioning of members such as to clear pantographs 
in as many cases as possible. 

The trolley construction used in the Broad Street- 
Paoli district, carrying 11,000 volts single phase, con- 
sists of a 14-in. (12.7 mm.) steel messenger, from which 
is suspended, by 3/16-in. by 1-in. (4.75 mm. by 25.4 
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6—Urpwarp DrFriectTion or Contact WIRE 


Measured at support point of catenary span 


sufficient to render it inoperative and occasionally 
materially damaging the overhead. 

Reduction-ef_cecurrences of this nature on tangent 
track may be obtained-by shortening the span length 
or by means of steadies applied at-the support points. 
The latter is the more economical procedure. Spans 
may be installed with little trouble of this nature, 
of the order of 285 ft. (86.87 m.) in length, with proper 
steadies at support points, in locations exposed. to 
wind. In protected localities, this value may be 
increased to about 325 ft. (99.06 m.). Without 
steadies, our experience would indicate that these figures 
should each be reduced about 100 ft. (30.48 m.). 

On the assumption that the more economical con- 
struction should be used, that is, longer spans, one is 
immediately faced with the design of steady which 
will limit motion tranverse to the tracks, allow longi- 


mm.) straps at 30-ft. (9.14 m.) intervals, a 1/0 round 
copper auxiliary wire, from which, in turn, is suspended, 
by clips at 15-ft. (4.57 m.) intervals, a 3/0 grooved 
bronze contact wire. The contact and auxiliary 
wires lie parallel to one another in a vertical plane. 
The connections between these two wires “break 
joints” with the connecting hangers lying between the 
messenger and the auxiliary wire. Span lengths vary 
from a maximum of 325 ft. (99.06 m.) to values ne- 
cessitated by conditions with an average of about 
300 ft. (91.44 m.). 

The suspension of the catenaries consists of a three- 
unit cap and pin type insulator and assembling hard- 
ware, to which the messenger is attached. This 
represents a pendulum length of about 24 in. (0.61 m.) 
applicable to the messenger. The messenger has five 
ft. (1.52 m.) of sag in a 300-ft. (91.44 m.) span, which 
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construction produces a total pendulum length at the 
support point of approximately 7ft., 6 in. (2.29 m.). 

The original design did not call for the use of steadies 
except at a few locations. Operation, however, has 
necessitated their general installation in exposed 
locations. 

The steady design adopted consisted of a horizontal 
strand installed between the catenary supporting poles 
at an elevation six in. (0.15 m.) above the contact wire. 
This strand was insulated from the poles by three-unit 
porcelain insulators adjacent to the poles, with a sec- 
tionalizing wood stick insulator between the auxiliary 
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Fic. 7—Urwarp Drriection or Contact WIRE 


Measured at support point of catenary span 


wires of adjoining tracks. Attachments were made by 
a slack two-way jumper from this strand to the auxiliary 
wire. This construction reduced what may be termed 
“pantograph derailments”’ to a radical degree. The 
disadvantages of this design were: 

a. The wood sticks used for sectionalizing the track 
trolleys do not have potential impressed across them 
except under conditions of a de-energized adjacent 
track, which condition usually develops their failure, 
if any, at the most inopportune time. 

b. Small working clearances for certain repair 
operations. 

ce. Periodic cleaning, varnishing and eae over 
hauling of the wood sticks. 

d. The impassability of one or more tracks in case 
of steady span failure, on account of portions of steady 
span construction hanging down below the elevation of 
the contact plane. 

e. Small upward deflection of the contact wire at 
the support point. 

In the effort to improve catenary support conditions, 
a new form of support was laid out which, in my opinion, 
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reduces to a material degree the disadvantages of the 
previously described steady. 

The standard form of back guyed poles, cross caten- 
ary and body span member were used; however, instead 
of suspending an insulator string directly over the track 
for attachment of the messenger, a string was placed 
each side the center line of each track. Connected be- 
tween these insulators is a short length of cable approxi- 
mately eight ft. (2.44 m.) long, with sufficient sag in 
it that when drawn downward at its center, it forms the 
two legs of an obtuse triangle with its apex about 30 
in. (0.76 m.) below the body member, this point being 
used for the attachment of the messenger. The ends 
of the insulators nearest the center line of the track 
have a second attachment with members running to a 
common point and attached to the auxiliary wire. In 
appearance, the construction forms a letter ‘“V”’ with 
the auxiliary wire attached at the bottom apex and the 
upper ends of the legs of the ‘‘V” attached to sides of 
the obtuse triangle at the lower ends of the insulators. 
This construction fixes the position transversely of the 
messenger, and eliminates the pendulum length of the 
messenger suspension. It places all insulators between 
trolley and ground,§ thereby retaining potential across 
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Measured at entering quarter point of catenary span 


them. It introduces a short section of cable between 
the messenger and the insulators, and consequently, 
an arc from a flashed insulator is removed from the 
messenger and taken by the messenger supporting 
member. 

A parallel path for current supply to an are at the 
insulator is provided by the secondary hanger con- 
necting between the auxiliary wire and a point adjacent 
to the live end of the insulator. This, we consider, 
will reduce the localized annealing of the messenger 
under flashed insulator conditions, as there is provided a 
shunt path for the current flowing from the trolley and 
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auxiliary wires to the point of are contact with the 
catenary supporting member. 

The two members forming the lower ‘‘V”’ converging 
on the auxiliary wire leave the clearance between tracks 
as a maximum at the contact wire elevation, with the 
minimum clearance existing at the insulators, just below 
the body member. 

In thinking of catenary construction, most engineers 
consider that contact is made with the overhead con- 
ductor in practically a uniform plane and that there is 
little or no upward displacement with pantograph 


QV _OF CENTER OF TIRAIN FROM CAMERA- IN FEET 


Loca™ 
APPROACHING EAMER 
. 2 


7 


3 6 


3 


RISE OF V/IRE- INCHES 
(4 “« 


Neve 
4-CAR TRAIN AT 46) MPH ON STANDARD TANGENT CON: 
G35 EXPOSURES PER SEC 


STRUCTION 
YAN, 2), (925 106 RM. 


@ 


z o Ss 


Rist or Ni ar INCHES 


° 


RUN N& 
T- cA oon AT 341 MPH ON NSPE CIAL TANGENT CONSTRUCTION 
SS EXPOSURES PER SEC YAN. 23,19) 1HOSAM, 


Iw 
a 


4 


2 


RISE OF Wine INCHES 


°o 


Ls Soptishe 30.8 MRK. oN es TANGENT SOS TRUE TION 


YAN. 2), 1925 11:40 AM 


EXPOSURES PER 


4 


3 


RISE OF VWARE- INCHES. 


° 


= 
5 O} IN SCS) 


RUN N 
LS Loco. AT 34.2 MPH. ON Shatin TANGENT CONSTRUCTION 
760 EXPOSURES PER SEC. JAN. 23,1925 1134 AM. 


Sy 


Fie. 9—Upwarp Deriection or Contract WIRE 
Measured at center point of catenary span 
passage. Even among engineers who have watched 


such things, the impression is that the deviation of the 
contact wire from a uniform plane is a matter of a few 
inches and that the wave of this deviation follows closely 
the position of the pantographs. 

If we assume the messenger as carrying practically 
all of the weight of construction in a given span and that 
this weight is fairly uniformly distributed, we obtain an 
approximation of a catenary curve. The direction of 
the tension in the messenger makes an angle of varying 
magnitude with the upward thrust of the pantograph. 
At the point of maximum sag in the messenger, the 
tension in the messenger and the thrust of the panto- 
graph are at right angles to one another; as the support 
points are approached, this angle decreases and is a 
minimum at the support point. The application of a 
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vertical force applied at the center of sag, therefore, has 
a maximum effect producing upward displacement of 
the trolley wire, on account of the fact that there is no 
vertical component of tension at that point, but only 
horizontal tension, which is constant throughout the 
span; whereas at other points than the center of sag, a 
vertical component of tension exists, which, opposing 
the upward shoe pressure, reduces the upward displace- 
ment of the contact wire. There is little or no dis- 
placement of the construction as a whole at the support 
points such as occurs at the center of sag of the messen- 
ger. Displacement at the support point is almost 
exclusively displacement of the contact wire in relation 
to the messenger, in other words, a closing up of the 
space normally existing between the messenger and 
contact wires. 

From what has so far been said, it is to be inferred 
that there is a major oscillation imposed upon the main 
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Fia. 10—Upwarp Drruection or Contract WIRE 


Measured at trailing quarter point of catenary span 


framework of the pantograph, whose periodicity is a 
function of span length employed and an inverse func- 
tion of the speed of the rolling stock. 


The oscillation of the contact wire travels ahead of 
the pantograph with various irregularities or harmonics 
imposed on it. Support points tend to become nodes 
of the wave. Changes of mass, usually splices, trolley 
wire intersections or section breaks retard the propaga- 
tion of these oscillations. 


A traveling wave impinging upon a section of greater 
mass than that employed in the adjacent section is 
damped to a material degree. As the wave reaches the 
increased mass, the change of elevation of the contact 
plane does not take place as rapidly as it did in pre- 
vious sections of the contact wire and there is produced, 
locally, a gradient at the approach to such mass of 
greater slope. This greater slope produces increased 
pressure between the shoe and the trolley wire which 
accelerates the shoe downward and the contact wire 
upward. ‘The pressure produced between the shoe and 
the contact wire is such as to accelerate the two mem- 
bers in opposite directions at velocities sufficient that 
they over-travel and contact is momentarily lost. 
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Such loss of contact is usually caused by definitely 
establishing an out-of-phase relation between the oscil- 
lation of the shoe and the contact wire. There are two 
other causes of loss of contact occasionally present, how- 
ever, one being the result of insufficient range of move- 
ment of the shoe supports and the other the inability 
of the shoe to follow in time the periodicity of oscilla- 
tion of the contact wire. 

Taking the more usual case of conditions existing at 
the time contact is lost, that is, an out-of-phase relation 
between the oscillation of the shoe and contact wire, the 
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Runs 18 and 19—WNew splice located at center point of catenary span 
Run 17—Old splice located 28-ft. beyond catenary support point 


11—Urwarpb DEFLECTION oF Contact WIRE AT SPLICES 


succeeding occurrences are, that, as the shoe and con- 
tact wire again approach one another, the phase rela- 
tion of their oscillations is still materially displaced. 
Contact is made with a pressure increased above normal, 
due to the vertical velocities present, and excessive 
wear takes place in these areas. 

An increase in the amount of available information 
on the subject of overhead construction is one of the 
necessities for eventual railroad electrification. 

With this in mind, a study was undertaken some time 
ago by members of our organization, with the idea of 
determining and depicting, as far as possible, actual 
occurrences in the pantographs and in the overhead 
under operating conditions. This study included a 
comparison of the design of steady which we have been 
using for a number of years, with the special design 
described above. 

A section of track was selected in the territory lying 
between Broad Street Station, Philadelphia, and 
Paoli, Penn., and a number of spans were equipped with 
the special support construction referred to. Deflec- 
tions of the overhead system and movement of the shoes 
were recorded. 
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The test apparatus consisted of a high speed camera 
handling film at speeds from 400 to 1100 exposures per 
sec., a storage battery for current supply to a shunt 
motor driving the camera and for use in the projectors, 
projectors for augmenting natural illumination and a 
scale used as a background for the contact wire. 

One of the center tracks of four was occupied by a 
tower car carrying the camera, projectors and operators, 
a storage battery and work car and a steam locomotive. 
The adjoining track towards the outside of the right-of- 
way was used as the test track. Outside the clearance 
lines of this latter track a scale was installed which was 
used as a determinative background against which the 
contact wire was to be silhouetted. 

The camera and scale were supported at such a height 
that the camera lens, midpoint of the scale and the 
contact wire under investigation were at the same 
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I —Support point 

II —Entering quarter point 
IiI—Center point of span 
IV—Trailing quarter point 


elevation. In front of the scale and held to it by a 
string was a weight of about five lb., which weight was 
attached so that its center of gravity was at the zero of 
the scale. A tripping cord was arranged so that a pull 
on it would apply a horizontal force on the weight 
supporting string and break it, allowing the weight 
to fall. 

The camera and scale were located at designated 
points in the several test spans and, as the multiple- 
unit train or locomotive approached, its position and 
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approximate speed was signalled from a point ahead of 
the test equipment. 

The camera mechanism was engaged with the running 
motor and the timing weight dropped. Some experi- 
mentation was necessary to obtain proper sequence and 
coordination with the passing equipment, but the 
arrangement finally worked out very well. 

A number of determinations were made as follows: 
Deflections at the center, entering and trailing quarter 
points of a span and points directly beneath the support 
points of the messenger. The above trials were ob- 
tained for multiple-unit equipment and a portion of 
them for locomotive equipment, both types of steady 
construction being photographed. 

The exposures made of each test run were then con- 
secutively numbered in 100 exposure intervals and 
passed through a projector a number of times until the 
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observer was familiar with the film. Then the position 
of the contact wire in terms of the scale reading was 
observed at given intervals of the total exposure, with 
a notation of the exact picture from which the reading 
was taken. In cases where there existed some peculiar 
feature or where it was apparent that harmonics of 
readable magnitude existed, readings at much closer 
intervals were made. 

These data, converted into distance ahead of the 
train, were then plotted, the ordinates representing rise 
of contact wire at the observation point in the span 
from its initial position, and the abscissas representing 
the position of the train with reference to the observa- 


VIELE: CURRENT COLLECTION FROM AN OVERHEAD CONTACT 


Journal A. J. E. K, 


tion point at the instant of the occurrence of the posi- 
tion of contact wire indicated by the ordinate reading. 

These results, shown graphically, are given in the 
several figures bearing proper title as to type of messen- 
ger support, position in the span of the observation 
point, type of rolling stock, number of multiple-unit 
cars, traffic speed and exposure rate. 

An analysis of these curves indicates clearly certain 
conclusions, a portion of which, for a specific design of 
overhead system, are quantitative. Mathematical con- 
clusions, not included, indicate the basic phenomena to 
a sufficient extent that usable approximations may be 
made for construction embodying different weights, 
span lengths and types of construction. 

Such conclusions follow: 

1. That a major oscillation is present in the contact 
member ahead of the pantographs and travels with the 
pantographs, 

2. That this oscillation is of variable amplitude, 
depending on its location in the span, 

3. That the position of any given point in the 
amplitude of oscillation has a variable spacing ahead 
of the pantograph, 

4. The amplitude varies with the total pressure 
imposed by the pantographs in a given span, 

5. The amplitude seems to be increased with the 
distribution through a number of pantographs of a 
given total pressure, 

6. That when distribution of a given total panto- 
graph pressure is made through several pantographs, 
the pantographs in the central portion of a train 
experience the greatest amplitude of movement, 

7. That the leading pantograph does not have 
imposed on it as great an amplitude of movement as 
do all successive pantographs, 

8. That the direction of traffic does not materially 
alter the symmetry of maximum upward deflection of 
the contact wire, 

9. That the gradient to which a pantograph is 
subjected in passing under locations of depressed con- 
tact wire height is augmented by a material gradient 
imposed by the inherent deflections in the approaching 
spans and that such augmenting of gradient is of the 
order of the usually installed maximum gradient, one- 
half of one per cent, for such transition of elevation of 
the contact wire, 

10. That harmonies of the major oscillation are 
present each side of the pantographs with relatively 
minor amplitudes and are apparently damped out at 
pantographs and do not cause trouble, 

11. That the presence of material change in mass of 
the construction adjacent to the contact plane damps 
the oscillation and thereby causes relatively severe 
deterioration due to variation in pressure of contact 
shoes at such points, 

12. That with a given increase of mass necessarily 
locally employed, shaping of the contact surface will 
decrease the deterioration at such points, 
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“18. That support points practically represent nodes 
of the major oscillations, as the amplitude of oscillation 
is relatively small at such points, 

14. That the amplitude of oscillation at the center 
of the messenger span is maximum with a reduction 
towards each messenger support point, 

15. That the amplitude of movement at the center 
of the span is almost wholly a movement of the total 
catenary construction, that is, a movement of the 
messenger and its suspended construction, 

16. That the amplitude of movement at support 
points is almost wholly a matter of change in spacing of 
the contact wire and its adjacent construction with 
relation to the messenger wire, 

17. That improvement of hanger construction at 
points adjacent to the messenger support is possible 
and desirable, 

18. That the use of so called flexible hangers at the 
center of span is not necessary and their desirability is 
doubtful, 

19. That flexible hangers adjacent to the support 
point may be advantageously used if of satisfactory 
design, 
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20. That harmonics in the contact wire at positions 
of change of mass in the construction adjacent to the 
contact plane and located remote from support points 
are of high periodicity and considerable amplitude, 

21. That such oscillations cause similar oscillations 
of opposite phase in the contact shoes, 

22. That departure of the shoes from the contact 
wire at such locations are usually the greatest in time 
and the greatest in amplitude, 

23. That the reduction of changes of mass at points 
adjacent to the contact plane offers the greatest measure 
of improvement immediately available, 

24. That further study of the construction from a 
trailing quarter point in a span through the support 
point to the entering quarter point of the succeeding 
span offers the next most promising step in improvement, 

25. That improvement in the secondary supporting 
of shoes and the obtaining of a greater amplitude of 
movement of the shoe is probably desirable, 

26. That further investigation and study of the 
tilting action of shoes is necessary and desirable, as 
there are indications that edge riding of shoes is at 
times present to a material degree. 


Ground Relay Protection for ‘Transmission 
Systems 


BY B. M. JONES! 


Member, A. I. E. E. 


Synopsis.—The relay problems of an electric power system 
are most important, and are very vital to the successful opera- 
tion of the system. More and more consideration is being given to 
the relay engineers’ point of view with resultant improvement 
in system operation. Several large, successful companies undertake 
no project having any bearing on the primary electric system without 
due regard to the relay engineer’s recommendation. 

With the transmission networks becoming more and more inter- 
connected, and with the injection into the problem the interconnections 


and 
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Non-Member 


with other power companies, the absolute necessity of isolating a 
faulty line, (or a faulty piece of equipment), is essential and is be- 
coming more clearly recognized by all large companies. 

Since this article was written, other 66-kv., ground relay tests have 
been made with a resistor grounded neutral and with a solidly 
grounded neutral, and some very interesting and unexpected points 
were discovered. It ts hoped these points will be brought out 


during the discussion of this paper. 
* * * * * 


HE question of ground protection has always been 
T a serious one and also a very troublesome one. 
In the days when transmission systems were 
operated with a free or floating neutral and one leg of a 
line became grounded, this would throw a high potential 
on the other two legs and thus subject the lines and 
equipment to an unusual strain and possible damage. 
It would also endanger the lives and safety of people 
who might come in contact with the grounded line. 
To locate such a ground in a network was a very hard 
thing to do and often resulted in outages to a great many 
customers in the process of finding the line with the 
fault on it. 


1. Duquesne Light Company, Pittsburgh, Pa. 
Presented at the Summer Convention of the A. I. EH. E., Detroit, 
Mich., June 20-24, 1927. 


The subject of ground relaying is becoming more 
important, and is attracting more attention in the opera- 
tion of light and power systems. It is considered 
absolutely necessary to isolate a grounded line imme- 
diately, for several reasons: 

1. To reduce chance of injury to people who may 
come in contact with or approach a grounded line, 
thereby encountering dangerously high ground 
potentials, 

2. To reduce the resultant damage to apparatus 
and lines by removing a ground as quickly as possible 
from the system. 

On systems using overhead construction on wooden 
cross-arms, the ground currents encountered are rela- 
tively small and very sensitive ground relays are 
required to recognize these small currents. 
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As a result of the troubles encountered with an un- 
grounded system, a great many companies now make a 
practise of grounding their transmission system. The 
grounding of a system may be done ina number of ways, 
which are shown in Fig. 1. Where the star point of 
transformers or generators is brought out, this point 
can be grounded, either solidly or through a resistance. 


When there is no neutral point available, a grounding 
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Fic. 1—Mertuops or GROUNDING TRANSMISSION SYSTEMS 


. Early ungrounded systems 

. Solidly grounded systems 

Resistor grounded systems 

. Star-delta grounding transformer banks systems 
Zigzag grounding transformer banks systems 
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transformer may be installed. Grounding transformers 
are usually connected either star-delta, with the star 
point grounded, or zigzag, with the star point grounded, 
both methods having their particular advantages de- 
pending upon the particular application. 

When the star-delta grounding transformer is used, 
the star point may be grounded either solidly or 
through a resistor. If desired, a load may be taken 
from the delta-connected secondary of the transformer 
bank. Theadvantage of the zigzag-connected ground- 
ing transformer bank is the relative cheapness of it, 
since with it no secondary winding is required and thus 
it is somewhat cheaper than the star-delta bank. 

Where the system is solidly grounded, the relaying 
for ground faults is comparatively simple if the fault 
current obtained is greater than the load current. 
In some cases, however, the current for ground faults is 
comparatively small, due either to long transmission 
lines or to contact resistance at the point of the fault. 
Where this condition exists, the phase relays will not 
protect the line for ground faults, and other means of 
protecting the lines for grounds must be used. It is 
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interesting to note in this connection that some com- 
panies with very long high-voltage transmission lines 
protect these lines against ground faults only. 

On systems which are grounded through a resistor 
in the transformer bank neutral, the relaying for ground 
faults is somewhat involved, due to the small ground 
currents obtained and, in the case of a network, to the 
distribution of this current through several sets of lines 
and relays. 

Many different schemes for ground protection have 
been devised, some of which are indicated below: 

1. Overcurrent non-directional relay in neutral of 
current transformer circuit, 

2. Overcurrent non-directional relay interlocked with 
directional elements of phase relays, 

3. Power relay with instantaneous time but inter- 
locked with overcurrent non-directional relay for timing, 

4. Power relay with self-contained timing element, 

5. Impedance ground relay, 

6. Power directional relay using inside delta voltage, 

7. Balanced current ground relays for parallel lines. 


Directional Short 
Circuit Relays 


REAR VIEW 
0 CHET cn 
RO" \_ | Ground ade 
oak CONDITION shy ee 3 
# Relay 


Reh 


A-$ Grounded 


Vector Diagrams of Directional 
Ground Relays, using inside 
Delta Potential 
2—Direcrionan SnorrCrrevurr AND 
TROUND PrRorEcrion 


Vector Diagram of Directional 
Relays, using Star Connected 
Potential Transformers. fos 
30 Deg. Lead 


Fra. DrrectioNnaLy 


The overcurrent non-directional ground relay is 
satisfactory for use on radial feeders or other locations 
where directional protection is not required, such as 
bus or transformer differential protection, or on radial 
lines. In connection with such uses, a relay with a low 
operating range and one which puts a small volt-ampere 
burden on the current transformers is very desirable 
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and has been developed. This type of relay is very 
sensitive to small ground fault currents and, due to its 
low volt-ampere burden, does not overburden current 
transformers which have other apparatus than relays 
connected to them. 

The overcurrent non-directional relay with its trip 
circuit interlocked with the directional element of the 
phase relays was used quite extensively and proved 
fairly satisfactory in some cases. This type of protec- 
tion, however, has one main inherent defect which is 
impossible to overcome. This defect is that on a single- 
line loop having more than one looped station and 
having a feed from both ends of the loop, a fault may 
occur which, while providing enough current to operate 
the ground relay, will not be of sufficient magnitude to 
overbalance the load current, with the result that the 
directional contacts on the wrong set of relays will be 
held closed and the wrong breaker tripped out. 

The power relay has not proven satisfactory for 
ground protection, due primarily to the fact that a 
sufficiently low range relay has not been used. With 
this scheme, the power relay obtained current from 
the neutral of the current transformers and voltage 
from the inside delta voltage of an auxiliary set of 
star-delta connected potential transformers. With 
this scheme of ground protection and with a fault 
occurring some distance out on a line away from the 
substation at which the relays are located, the resultant 
voltage distortion at the substation may be relatively 
small, even though the fault currents be comparatively 
large. Under these conditions of fairly large ground 
currents and small voltage impressed on the power 
relay, in conjunction with the poor power factor which 
sometimes exists during ground faults, the resultant 
watts in the power relay may be so low that the relay 
will not operate at all or will operate very slowly. 
Due to this condition, the possibility of clearing ground 
faults in a minimum time is decreased. 

The low energy power directional ground relay 
using inside delta potential is one of the most satis- 
factory schemes. A diagram of connections is shown in 
Fig. 2. In this scheme the same potential is used as 
was used in the power relay, but it is used only to 
operate the directional contacts of the relay, the relay 
having a separate overcurrent element similar to that of 
the overcurrent relay. The overcurrent and directional 
contacts are connected in series as in other power 
directional relays. In this type of relay, the timing 
is obtained from the overcurrent element. By using 
this scheme, the directional elements may be made to 
operate on a very small number of watts, thereby 
making it sensitive to very small ground currents. 
An installation of this type of protection is shown in 
Figs. 3 and 4, which views were taken in a small sub- 
station on a consumer’s property, there being one 22-kv. 
line looped through this station. Fig. 3 shows the front 
view of the relay panel and Fig. 4 shows the rear view 
of the panel with the auxiliary star-delta connected 
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potential transformers, and also shows the individual 
relay test switches for each relay. 

The impedance type of relay has been used with 
reasonable satisfaction on systems which are solidly 
grounded. These relays may be self-contained, in 
which case one per phase, or three for a three-phase 
line, will be required, or the double-element phase and 


Fic. 3—Front ViEw or CoNSUMER’S RELAY INSTALLATION 


ground relay combined in one case may be used. These 
relays may obtain their potential direct from the line 
potential transformers or may use low-tension potential 
through compensators. The ground impedance relays 
have the same time characteristics as the phase impe- 
dance relays, thereby clearing faults close to the station in 


INSTALLATION 


CoNSUMER’S RELAY 


Fic. 4—Rear VIEW oF 


ashort timeand increasing the time for faults farther away 
from the station. These relays are not so satisfactory, 
however, for use on a system which is grounded through 
a resistor, since the voltage drop is usually not large 
enough to cause the impedance type ground relays 
to operate in a reasonably short time. 

The balanced current type of protection is limited in 
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its application to parallel lines. It furnishes a simple 
and fast method of clearing all ground faults and is an 
inexpensive method, for no potential transformers are 
required. The station must have two sources of feed, 
however, and when one of the pair of lines is out of 
' service, an extra set of relays is sometimes required in 
order to permit increased time of operation to obtain 
selective action with other stations. This type of 
protection has been described in detail by Mr. H. P. 
Sleeper.’ 

There are several methods of checking the current 
and potential phase relations on the ground relays in 
order to determine whether the relay will operate 
correctly under fault conditions. Among these 
methods may be mentioned the following: 

1. By using phantom load, 

2. By using actual load, 

3. By actually placing a ground upon the line. 

The Duquesne Light Company, along with several 
other companies, is strongly in favor of the latter method 
of checking the direction of the ground relays, having 
found by sad experience, when using the first two 
methods mentioned, that mistakes and errors are very 
liable to occur, with the result that under actual fault 
conditions, improper relay and breaker operations 
result. 

In connection with the checking of ground relays 
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by actually placing a ground on the line, some very 
interesting results have been obtained, among which is 
the relation of ground current to phase voltage with 
different amounts of resistance in the high tension trans- 
former bank neutral. 

This point was brought out very forcibly during 
some tests conducted by the Public Service Electric 
and Gas Company of New Jersey which were made in 
July 1926. <A tabulation of their test data is shown in 
Table I. An analysis of this data shows that with no 
resistance in the transformer bank neutral, a phase 
angle of around 90-deg. lag is obtained, and with a 
resistance of 75 ohms in the transformer bank neutral, 
the phase angle varies from 5-deg. lag to 15-deg. lag, 
while with a resistance of 300 ohms in the transformer 
bank neutral, the power factor ranges from unity to 18- 
deg. lead. Asaresult of the poor power factor obtained 
under conditions of the transformer bank neutral being 
solidly grounded, the resultant torque on the relay 
disk is very small, even though the fault current be 
relatively large, and if the phase angle is greater than 
90-deg. lag, the direction of operation of the relay will 
be reversed. : 

Similar tests were conducted by the Duquesne 
Light Company during May of 1926, in order to de- 
termine the following points: 

1. To determine the minimum amount of ground 


TABLE I 
DIRECTIONAL GROUND RELAY TESTS 


Test Data of High-Tension Line Ground Tests Made by the Public Service Klectric and Gas Company 


EP ESUTV UI DOL fa arate lexaleysrs svsiotebo 8o.s 1 2 3 
WBC sav: 5: fete Aol istiacelorarcheressuenseasehorcle 7/11/26 7/11/26 7/11/26 
AUNTS C esay er Seroyre lat vanetansy Ste ¥or siti stays, cuwnale 9:55 a.m. 10:30 a.m. | 10:37 p.m. 
Voltage of line tested........... 26 kv. 26 kv. 26 kv. 
IB aatks Kv). srwencaucuenens.e aienstin uate 25,000 25,000 25,000 
Neutral resistamcer 5, co 2 ors 0 300 300 
Lie STOUNGCE seat elaseiersaess te cteyes Phase 1 of | Phase 1 of | Phase 1 of 
X-102 X-102 X-102 
oOcation! Of LLOUNG iia. alee ciccelolere 1 mi. from | 1 mi. from | 1 mi. from 
Hssex Essex Hssex 

No. of ground relays in series on 

C Bled ic Ary eetiae ge Par Re Regn Pa 1 1 1 
Ground relay current setting.... 0.4 0.53 0.2 
High-tension ground amperes.... 240 64 49.6 
Ground relay 

WiGLES 3.6.2. csteterede ste taten Nera retour onan 10 150 + 190 

(F. 8.) 
SVVIALUSH. cueReteeenerMencher reer rtansts Meter 120 98 
reversed 

UNTO ocr oon ota Oo oaoe On 3.0 0.8 0.6 

Phase anglers tua sisechere salace ts 93-deg. lag. | 7-deg. lead | 10-deg. lead 
L-t. star volts before test 

| Ea EOE can chosenCdCe> tarot uta aro 65.0 66.2 67 

DIN ets cre c RObAaaeranno eee eiotemena 65.1 65.5 66 

SON iss ene et arerersgetevee nA e 64.5 65.0 65.5 
L-t. star volts during test 

1 IN Neon eee ene REC AR eC 64.5 23 23 

DaNiine ene averntacnayay cogs atatececene enmiets 68.8 88 87 

BIN se ccnmia h we ares wcgeeaekeke citer tes 63.0 106 106 
L-t. delta volts before test 

IN ear tvivl iss ce cette tees oe 

De Norco fui sisrsne ah ecdieremene, Ae 

DEIN ica Mans. she akeronretaie ee er oars 
L-t. delta volts during test 

HIN chit iets sais tous vavecete amie starseeae ce 

DONNIE fs Seis siaiccenn ie bhNele whole 

SN oestrone iscnis ie ete cae ee 


2. H.P. Sleeper, A. I. E. E. Transactions, Vol. 42, 1923, 
Discussion, A. I. E. E. Journau, February, 1925, p. 182. 


4 158 6 7 8 9 : 
7/11/26 7/11/26 7/11/26 7/11/26 7/11/26 7/11/26 
12:15 a.m. | 12:55 a.m. 2:45 p.m 3:45 p.m 4.00 p.m 4:30 p.m. 
26 kv. 26 kv. 26 kv. 26 kv. 26 kv. 26 kv. 
25,000 25,000 25,000 25,000 25,000 25,000 

300 300 75 ae: as (0) 
Phase 3 of | Phase 3 of | Phase 3 of | Phase 1 of | Phase 2 of | Phase 2 of 
8-357 8-357 S-357 R-356 N-196 N-196 
1% mi. from} 14 mi. from | % mi. from] 1 mi. from |1/8 mi. from/1/8 mi. from 
Metuchen | Metuchen | Metuchen Essex Metuchen | Metuchen 
1 1 1 1 2 2 

0.53 OL53 0.53 0.53 O25 O05 
90 + 102 178 99 160 420 
180 164 164 146 152 120 
240 245 450 230 280 2 
1.5+ ey, 2.97 1.65 2.0 9.4 
(0) 18-deg. lead | 10-deg. lag | 5-deg. lag | 15-deg. lag | 90-deg. lag 
63 63 63 63 63 62 
62.9 62.6 62.6 62.7 63 62 
63 63 63 63 63. 62 
106 101 99 24 93 64 
98 98.5 97 84 20 33 
20 18 18 97 92 82 
110 106.5 
LIOR 107.8 
109.2 109 
109.5 103 
V1.5 97 
109.2 94 
p. 5138. 
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current on which the 50-watt power relays would ee peer 
operate, Ree eae Ok FO) ae came 

2. To make an actual check on the direction of opera- ert : age ssece % 6 882528" 
tion of the power ground relays, a 

3. To determine the effects of putting more than one Ore axe Boneh E ° 3 Q 
potential element of the ground relays in parallel on Ma hog Eee, 2 8B eee eaas 
the same set of auxiliary potential transformers, ete Beene ec OF) he heated! 

4. To determine the sensitivity of the low-energy 4 
power directional ground relays as compared with the x a yok $83e z yr 
50-watt power relay. $82284 BEBEs Smad ee 

The test data are shown in Table II and the conclu- Ae alias iG iaban ee er se 
sions arrived at are as follows: 

1. The power relays set on a 50-watt tap would not mi Ae < | S2e 83 3 . 
operate satisfactorily with less than a 300-ampere Aas FE: g g g e 6 <esssae- 
ground, the ground being located at the substation at ies 
which the relays were installed. As the ground AE pants pate 
location would become farther away from the substa- md og =8 BE 20 5 wee. FS 
tion, the ground current necessary to operate the relay a ee 5 AVesws as ie mg 
would become higher, due to less voltage being im- = 
pressed on the power relay. O| 28 -.%8se eo 2 is 

+ The direction of all ground relays tested was found 4 z ‘ - P Ee E 5 S g zi, E : < ¢ 3 . : 3 3 
to be correct. SH) oa aaa e 

3. The addition of an increased number of potential a § be 
elements of ground relays to one set of auxiliary po- a elo8 5 Bes f one @,. bastneraiene > 
tential transformers did not result in any noticeable : fe Adiage 38 g : 3 SSeS s 
drop in voltage on the secondary of the auxiliary po- a5 a Gees i 
tential transformers. This indicated that the auxiliary Pe : oo fs 2 
potential transformers could be loaded up to their Ha wials E se 533 g = 3 aeovook 
volt-ampere capacity. ag 3 “PS8S ass a5 6 ASsSe5s"s 

4. It was found that the low-energy power directional a 2% e: z 
ground relays would operate satisfactorily on a much ot 8 © § CA So ee = e 
lower ground current than the power relays. s 2 kaa sa See Sw ee es & 

Since the above tests were made, low energy power Ca] 46% %a cee al aS Seg 
directional ground relays have been installed on the 5 & 
majority of the lines of the Duquesne Light Company fs E aa Bene Fy Doe Sao ie sane 2 
22-kv. system, and a large number of these relays has Palak 7 e 3 ae ae _ x : By o 
been tested by actually putting grounds on the lines | oa cigaes O5"C Ee Shean 
which these relays protect. abe tetas oe 

The equipment used in making the line ground tests Sia lea Sess SE 4» ESoennouck 
is shown in Fig. 5. Fig. 54 shows a two-ton trailer aia a AS 2 855 S¢ eq we Seon 
on which the necessary equipment for making high- a a aa 
tension line ground tests is mounted. Fig. 5B shows the Ch Wao es Ue E 
water rheostat set up and connected to the line. Fig. 4,8hS3588 8° 382 wonowck 

oe i : ANANSCSBSS Oo ODS AMWH aH HO 

5c shows the water barrel emitting flame during line tees SN Re eel te Rete Otter mone 

ground tests made at night. Night testing is sometimes SS Se 
necessary due to being unable to obtain the necessary ee aN ea Me ue Me er Se , : 
outages during the day. The grounding is done by BS Soules: Tpeoeie Dee sale Bee eee 
connecting a water rheostat between the line and a Din pie aot Mitel bce ay” S 
ground connection. The rheostat consists of a barrel Une oe BS Ment eke : eee 
inside of which is one fixed and one moveable brass tt . PY dena eee 7g : oe 
plate. The ground current obtained can be varied by We ge Pale & 3 RS ils Apt: . 
changing the distance between two brass plates im- eg ee te A ee 
mersed in the water. The ground lead is connected to a “3 Jegane ge is 3 A - oy tere vate 
the fixed brass plate and brought out through the side Se e Soho 5 5 ae Oe 5 
of the barrel. A current transformer is connected oe fs eag 2b Gale S| eee 
in this ground lead and is used for measuring the emipe eit 5 E = avid ee Laz anne 

This equipment is all mounted on the two-ton Boer eo de Sé*eomioe oe oe ken 
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trailer which is hauled from place to place by a truck. 
The equipment consists of the following: 

1 37-kv. single-pole oil cireuit breaker, 

1 30-cell, 60-volt battery, 

1 Portable control panel with flexible leads 
in length, 


50 ft. 


2 Water barrels to be used as rheostats, 
1 Water barrel for water supply, 
2 Insulated stands on which to place the water 
barrel rheostats, 
2 220-volt regulators, 


Q 


3 Tool boxes for equipment, 
3 Current transformers having the following ratios, 
500 to 5, 400 to 5, 200 to 5, 


3 12-volt flood lights, 


B Cc 


Fig. 5—EquipMENT Usep ror Maxine Hicu-Trension LINE 
TROUND TESTS 


a. Trailer and equipment 
b. Water rheostat set up for test 
ce. High-tension line ground tests made at night 


Assorted leads of ‘00’ flexible Tyrex single-con- 
ductor eable, 

Assorted clamps of different types, 

A number of pillar type insulators, 

First aid box, 

Fire fighting equipment, 

Blocks and tackle. 

The above equipment is all carried on the trailer 
and provides all of the equipment necessary for con- 
ducting grounding tests with the exception of portable 
meters which are not transported on the trailer but are 
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obtained as required. An ammeter is mounted, 
however, on the portable control panel and is connected 
in the current transformer circuit of the grounding lead. 

In connection with the testing of relay installations 
by actually placing faults on the lines, it may be 
remembered that a paper was presented at the 
A. I. E. E. Spring Convention held at Pittsburgh 
during April, 1923.3 In this paper was described in 
detail the testing of the relay installations by putting 
faults on the 66-kv. line. 

As a result of the experiences of this and other 
companies, it is believed that the inside delta power 
directional ground relaying is the most reliable and 
satisfactory type of ground protection that can be used 
on a system having a resistance in its neutral circuit. 
On systems which are solidly grounded, other types of 
ground protection are used, among which are the im- 
pedance ground relay and the same type of power 
directional relay which is used for phase protection, 
except in the case of extremely long lines where, if the 
fault current is less than load current, other means of 
protecting the lines must be found. 

It has also been the experience of this and other 
companies that the most satisfactory method of check- 
ing the connections of ground relays has been by 
actually placing grounds upon the lines in question, 
since there is less chance of error in this method than 
in any other. It is further felt that the increased cost 
of this method of testing is entirely justified from the 
standpoint of the better relay operation obtained, and 
from the standpoint of reduction in number of interrup- 
tions, which is very important. 


CENTER OF INDUSTRY IN UNITED 
STATES 


The United States Geological Survey in its annual 
statement as to the center of industry shows that the 
new point is about fifty miles southwest of Chicago. 
This center of industry, it is stated, has moved in the 
eighteen year period from 1908 to 1926 approximately 
seventy-five miles in a southwesterly direction. 


This slow movement of the center of industry during 
a period when the capacity of prime movers in central 
stations and manufacturing plants increased about 
140 per cent, indicates in reality marked stability in 
industrial development in the United States, since the 
trifling movement towards the western and southern 
parts of the country are small. 


In January 1908 the center of industry in the United 
States was in the northern boundary of Indiana about 
one hundred and ten miles east of Chicago. In January 
1918, it was still in the northern boundary of Indiana 
but had moved about fifty miles nearer to Chicago. 


3. H.P. Sleeper, A. I. E. E. Transactions, Vol. 42, 1923, 
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Synopsis:—A brief review is given of the literature on conduction 
through insulators. Every dielectric has a definite resistivity when 
the potential gradient is below a certain value, different for each 
substance. If the potential gradient is continually increased, a 
point is reached where an increase in voltage does not affect the 
current. This is called the saturation current. With still greater 
potential gradients, a point is reached where the current increases 
rapidly and breakdown soon results. All these phenomena of con- 
duction are explainable as the movement of ions in an electric 
field. 

The resistivity of a dielectric depends on he number of tons in 
unit volume, on the charge on eachion, and on their mobility (velocity 
under unit potential gradient). The saturation current depends 
on the charge on each ion and on their rate of production. Break- 
down is preceded by ionization by collision, which is determined by 


J. INTRODUCTION 


N insulating material is defined as a material which 
either does not conduct an electric current or 
conducts it to a very limited extent only. There 

is, however, no definite lower limit of conductivity which 
sharply separates insulators from conductors. In fact, 
some substance on being subjected to a change in 
temperature will gradually and continually change from 
a state which would certainly be called conducting to 
one which, with equal certainty, would be called insu- 
lating. Since there is no sharp dividing line between 
insulators and conductors, it seems desirable to sum- 
marize, briefly, our knowledge of the process of electric 
conduction before attempting to apply it to the particu- 
lar case of insulators. This paper will attempt to 
correlate our knowledge of the conductivity of insulators 
with the theories which have been put forward to 
explain the passage of electricity through conductors, 
and to point out the facts which require an extension of 
these theories in order that conduction through insu- 
lators may be explained. 

Electricity is always associated with matter. When- 
ever there is a current of electricity, there is always a 
current of material particles. Electric currents can be 
divided into three classes depending upon the mass of 
the material particle associated with each fundamental 
electric charge. These are 


1. Electronic conduction 
2. Ionic conduction 
3. Colloidal conduction. 


“ In electronic conduction the moving electricity is 
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the ionization potential of the substance and the length of path of 
an von. 

The number of tons normally present in a dielectric depends not 
only wpon the rate of producing them but also wpon their rate of 
recombination. The rate of recombination is a constant of the 
material, but the rate of production may depend either wpon outside 
agencies or inside forces. In gases, tons are generally produced by 
outside agencies, the important ones being rays from radioactive 
materials, X-rays and ultra X-rays. In liquids and solids, ions 
may be produced not only by the external agencies of rays and 
radiation, but also by the inside forces of solution and dissociation. 

The ionic theory of conduction has been sufficiently developed to 
explain all the observed facts in the case of gases. Modifications and 
extensions are necessary, however, before all the experimental data 
on solids and liquids can be interpreted. 


associated only with the electrons. These are ex- 
tremely small amounts of matter to which the elemen- 
tary negative charge of electricity is inseparably bound. 
The most familiar example of electronic conduction is 
conduction through metals, although many interesting 
and important applications are found in vacuum tubes. 
Since electrons are all of the same mass and since the 
same current and hence the same number of electrons 
must pass every part of the circuit, there is no measur- 
able transfer of matter in electronic conduction. 

In ionic conduction the moving electricity is associ- 
ated with a subdivision of a molecule, or in some cases, 
with such a subdivision to which a few molecules are 
attached. The most familiar example is conduction 
through electrolytes, although conduction through 
gases, through fused salts, and even through a number 
of solid substances is of this type. In this case there is 
always a transfer of matter, which can be detected at 
any surface of discontinuity in the materials which 
form the electric circuit. 

In colloidal conduction, the electric current is 
carried by small masses of matter which are suspended 
in some inert medium. The electrical precipitation of 
smoke and dust by an electric current is an aire ee 
of colloidal conduction. 

While the three kinds of conduction are quite distinct, 
yet any two or even all three may take place simul- 
taneously. As an example, it sometimes happens that 
when a solvent ionizes, one ion will consist of a single 
electron, while the positive ion will consist of all the rest 
of the molecule. Then when a difference of potential is 
applied, there is both electronic and ionic conduction. 
A complicated example of this is the Nernst filament at 
high temperatures, where both ionsand electrons partic- 
ipate in carrying the electric current. 

While the fundamental distinction between electronic 
and ionic conduction is the amount of matter carried 
by the current, yet there are other properties which are 
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more or less characteristic. The most important of 
these is the temperature coefficient of resistance. In 
metals, this is generally positive, while in electrolytes it 
is negative. Hence attempts are often made to deter- 
mine whether a substance conducts electronically or 
ionically by measuring the temperature coefficient of 
resistance. At best, this is a very indirect method, and 
results so obtained require additional confirmation. 

The phenomena connected with conduction through 
insulators depends on the state of the material; that is, 
whether it is a gas, a liquid, or a solid. The process is 
more complicated in liquids than in gases, and still more 
so in solids. Only in the case of gases has a fairly com- 
plete explanation of the experimental phenomena been 
deduced. Hence, in this paper there will be given a 
brief review of the facts and theories concerning conduc- 
tion through gases; following this, a digest of some of the 
more important facts concerning conduction through 
liquids and solids including a correlation of these facts 
with the phenomena in gases. 


II. CONDUCTION THROUGH GASES 


The experimental facts concerning conduction 
through gases and the theoretical explanation of these 
facts have been treated in several different books.'?? 

In all cases the authors correlate the experimental 
facts with the ionic theory. The following is a very 
brief resume of this theory as applied to gases: 

Consider two plane electrodes which are the opposite 
sides of a cubical box having a volume of one cu. cm. 
The other sides of the box are perfect insulators. This 
box is filled with air at atmospheric pressure. Ifa very 
small potential difference is applied to the plates for a 
short time, the current which flows is proportional to the 
applied potential difference. Hence, under these con- 
ditions, the air will obey Ohm’s law. The resistance in 
the assumed case will be about 3 x 10" ohms. If the 
potential difference between the plates is increased, 
the current will increase more slowly than the voltage. 
When the potential difference is in the neighborhood 
of 100 volts, the current has become about 107'8 
amperes. This is called the saturation current, since 
it does not increase with a further increase in the 
potential difference. When, however, the potential 
difference is of the order of 30,000 volts, there is a very 
rapid change of current with voltage, leading up to the 
breakdown of the dielectric. 


The facts as outlined above can readily be shown by 
the curve in Fig. 1. It is not feasible, however, to draw 
to a definite scale such a curve for air at atmospheric 
pressure, partly because there is considerable variation 
in the air and partly because if drawn to scale many of 
the interesting features would be entirely masked. 
For instance the section of the curve representing the 
saturation current would extend 300 times as far as the 
first part of the curve. When drawn to scale, the resis- 


1-2-3. For references see Bibliography. 
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tance at zero voltage can be determined from the tangent 
to the curve at the origin. 

The explanation of the above phenomena is very satis- 
factorily given by supposing that there is some agency 
which is continually causing molecules of air to separate 
into positive and negativeions. These ions usually con- 
sist of an atom of either oxygen or nitrogen having a free 
positive or negative charge equal to the elemental 
electric charge. In atmospheric air under ordinary 
conditions the rate of ionization is about four or five ions 
per cu. cm. per sec. Since in a gas the molecules 
and ions are in violent agitation, the ions are 
likely to collide with each other. Whenever there 
is a collision between two ions having opposite charges, 
they may unite to form a molecule. When the number 
of molecules which are reunited each second is equal 
to the number ionized, a stationary condition has been 
reached. In normal air, there are always present about 
700 or 800 ions per cu. em. When a _ voltage is 
applied to the electrodes of the cubic box, the positive 
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Fie. 1—Tur Current—Vo.Ltacré CHARACTERISTICS OF A Gas 
ions are attracted towards the negative electrode 
while the negative ions are attracted towards 
the positive electrode. On account of numerous 
collisions with molecules, however, the actual velocity 
of an ion towards the electrodes is only about one em. 
per second if the potential difference of the electrodes of 
the box is one volt. Hence, if the voltage is very small, 
the conduction current will not, in a short time, appre- 
ciably alter the number or distribution of the electrons 
in the box. As the voltage is increased, however, the 
velocity of the ions also is increased. A point is soon 
reached where an ion is carried from the field almost as 
soon as formed. Now as the number of ions produced 
depends solely upon some external agency, an increase 
in voltage does not increase the current, since the 
current depends on the number of ions which reaches 
the electrodes. The saturation current is, then, the 
current which flows between two electrodes when the 
potential is sufficiently high so that practically every 
ion which is formed is carried to the electrodes without 
combining with another ion. Although the velocity 
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of the ions increases with increasing voltage, this only 
decreases the time required for the ions to travel from 
the place where they are formed to the electrodes, with- 
out changing the number which arrives every second. 

When the voltage gradient becomes sufficiently high, 
the velocity of the ions becomes so great that, on collid- 
ing with a molecule of gas, the molecule will be broken 
into ions. Those ions, of which the negative may be a 
free electron, will then start towards the electrodes and 
may, in turn, ionize other molecules. Hence, the one 
ion which was produced by an external agency may be 
the cause of several ions reaching the electrodes. 
Therefore, as soon as the voltage applied to the termi- 
nals of the cubical box is so high that ions may have a 
velocity sufficient to produce ionization by collision 
with a molecule, the current increases rapidly with 
increasing voltage. This is shown in the latter part of 
the curve of Fig. 1. It leads rapidly to breakdown, a 
phenomenon not discussed in this paper. 


There are a number of external agencies which will 
cause a gas to ionize. The best known are X-rays, the 
a, 6, and y, radiations from radioactive substances, 
ultra-violet light, and the ever-present radiations of 
unknown origin which might be called ultra X-rays. 
The ultra-violet light differs from the other agents in 
that it generally produces ionization only as it is 
absorbed by one of the electrodes. In order to simplify 
the discussion, this type of ionization will not be con- 
sidered. The activity of the other ionizing agents can 
be determined from the number of ions produced in a 
gas, per cu. cm. per sec. As already indicated, 
the ever-present ultra X-rays produce some four 
or five ions per cu. cm. per second throughout the 
habitable volume of the earth’s atmosphere. By sink- 
ing a small vessel filled with air some 50 or 60 ft. below 
the surface of a lake, Millikan and his co-workers® were 
able to protect this air from the effect of the ultra X- 
rays. Some ions were produced in this air, howeyer, 
which could easily be explained by supposing that the 
metal of which the containing vessel was constructed 
bore minute traces of some radioactive substance. 
While man has never had a mass of gas in which ions 
were not produced, yet it is possible that under normal 
condition all ionization of gases is caused by some 
outside agency. 

By using X-rays or rays from radioactive materials, 
the rate of production of ions can be made as great as a 
thousand or more per cu. cm. per sec. These 
recombine rapidly, however, so that no appreciable 
part of the 10° molecules in a cubic centimeter of air 
is ever ionized at one time. 

In order to develop equations from which the current 
through a gas can be determined from the applied volt- 
age, the following constants must be known: 


Let 


gq = number of ions produced per cu. cm. per sec. by 


the ionizing agent. 
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e = elemental electric charge (1.591 x« 10~% cou- 
lombs. ) 

ks = mobility of the positive ions; 7. e., the velocity in 
em. per sec. when the potential gradient is 
one volt per cm. 

k—- = mobility of the negative ions. 

@ = recombination coefficient. 

6 = ionizing potential; 7. e., the potential difference 


through which an electron must be allowed to 
accelerate in order to acquire enough energy to 
ionize a molecule. 

If n is the number of positive ions per cu. cm. of gas 
at a time ¢, there will also be m negative ions. Now the 
rate of increase of ions must equal the number of ions 
produced minus the number of recombinations. But 
since the chance of a given positive ion colliding with a 
negative ion is in direct proportion to the number of 
negative ions, the number of recombinations is pro- 


portional to the square of the number of ions. Hence 
dn ; 1 


This equation holds when there is no applied electro- 
motive force. If this condition persists for some time, 


. . Lan 
an equilibrium condition is reached, when —— = 0. 


dt 
ya eee 
a 
It is this condition which exists in air under normal 
conditions. 

With a very low potential difference between the 
electrodes, the number of ions which reaches them 
depends on the total number of ions in the field and on 
the velocity of the ions. Hence the conductivity ) is 
given by the equation 


Then 


(2) 


Namek +h) =e +h) 4 d (3) 
a 


The resistivity p is the reciprocal of \. Hence the 
resistivity of a gas which has been exposed to an ioniz- 
ing agent for a sufficiently long time for a stable con- 
dition to be reached depends on three constants of the 
gas; namely, the velocity of the positive ion, that of the 
negative ion, and the recombination coefficient. 

The values of these constants for a few of the common 
gasesare given in Table I. While the mobilities are quite 
different in different gases, yet there is relatively little 
difference between the positive and negative ions in the 
same gas. Also the recombination coefficient varies 
but little for the more permanent gases. 

The saturation current S depends only upon the rate 
of ionization and the volume V of gas between the 
electrodes. It is represented by the equation 


S=eqv: (4) 
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TABLA I 
IONIZATION CONSTANTS OF GASES 
Monhility of | Mobility of | 
| Positive fon | negative ion 
Ry : Rocandination 
} om, (volt em, | volt, | ; 
= = wn coofiicient 
‘ Seo, | EM se | an, | 
Glas | a 
TEVGIORGE S55 See cs | 6, 7.5 1.4 X 10% 
Bras ie as So ea Ss 5. | ae an ACen 
yh EES GS PRR are 1.3 | 1.8 1.6 X10 
NiO A os vn cnk | 1.3 i.s 1.6 X 107% 
Carbon dioxide, 6.66.5 O.S Q.9 1.6 X 107° 
Carbon monoxide, 56... wick ie | 0.8 xX 10°% 


This does not contain any constant of the gas, but de- 
pends entirely upon the activity of the ionizing agent 
and the volume of the gas from which the ions can be 
captured by the applied electromotive force. 

The ions, in their passage towards an electrode, 
collide at frequent intervals with a molecule. If, after 
a collision, the velocity of the ion should be zero, then 
at the next collision the energy which this ion has 
acquired is e V Ul, where V is the potential gradient and / 
the distance it has traveled. To understand what effect 
this collision will have on the molecule struck, it is 
desirable to consider the analogous case of an electron 
colliding with an atom. 

Experiments on gases at low pressures have shown 
that when an electron collides with an atom, the atom 
will be ionized only if the kinetic energy of the electron 
is greater than a certain critical value. The electron 
will normally obtain its kinetic energy by accelerating 
in an electrostatic field. Starting from rest, the kinetic 
energy of the electron at any instant is e V, where e is 
the charge upon the electron and V is the potential 
difference between the starting point and the point 
under consideration. The value of V, which is just 
sufficient to give to the electron enough energy to ionize 
an atom, is called the ionizing potential. Values of the 
ionizing potential are known for the atoms of most 
gases, 

Likewise a molecule will be ionized by collision with 
an ion or electron, only if the velocity of the latter is 
sufficiently high. Since the velocity at impact depends 
not only upon the potential gradient but also upon the 
length of path between collisions, the voltage at which 
ionization by collision will begin increases almost in 
direct ratio with the pressure. 

Our knowledge of conduction through gases at normal 
pressure, when the applied voltage approaches that 
which produces breakdown, is very incomplete. There 
is sufficient evidence to show that the rapid increase of 
current is the result of ionization by collision. It is not 
as yet possible, however, to formulate the laws under 
which it acts. 


III, Conpuction THROUGH LiquID DIELECTRICS 

The current is carried through most liquid dielectrics 
by ions. Hence most investigators have attempted to 
explain conduction through such substances by applying 
to them the same laws as hold for gases. The discussion 
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of conduction in liquid dielectrics, therefore, centers 
around the production of ions, their mobility, and 
recombination. 

Ions in a liquid dielectric may result from ionization 
of the dielectric itself, as is generally the case with a 
gas, or they may come from the ionization of substances 
dissolved in the liquid. The same external agencies 
that cause ionization of a gas will produce ionization in 
a liquid. In addition to these external agencies, the 
liquid may ionize spontaneously and ionization is often 
produced by some physical or chemical action between 
the liquid and a substance dissolved in it. The first is 
called ionization by dissociation; the second ionization 
by solution. As very minute amounts of a dissolved 
substance may produce a relatively large number of 
ions, impurities which can be removed only with 
difficulty often produce more ions in a liquid than is 
produced by a relatively intense external ionizing agent. — 

There is some evidence that all liquids are ionized 
by ever present ultra X-rays. In hexane the number of. 
ions produced per cu. em. per sec. is nearly fifty times 
as great asin air. In most liquids the effect is masked 
by the effects of other ionizing agents. 

X-rays and the rays from radioactive substances 
produce ionization in all liquids that have been exam- 
ined. The effectiveness of a given ray is different in 
different liquids. For example, Jaffe‘ found that for 
hexane the ratio of ionization compared to air is about 
1 1000 for a-rays but about 1,10 for 3-rays. Also 
Greinacher™ found that the number of ions produced by 
a given beam of a-rays was twice as large in paraffin 
oil as in petroleum ether. 

The rate of recombination of ions in liquids is much 
less rapid than in gases. The few values of the recom- 
bination coefficient that have been determined® lie 
between 10-* and 10-®, or of the order of one millionth 
of that of gases. 

The mobility of ions in a liquid is much less than in 
a gas. Values for a few liquids are given in Table II. 

These values are of the same order of magnitude as 
the mobilities of ions in electrolytic solutions. There is 
a large increase in mobility with temperature, as is also 
the ease with electrolytes. 

No values of the ionization potential of a liquid mole- 
cule are available. 


TABLE II 
IONIZATION CONSTANTS OF LIQUIDS 
| Average mobility } 
of positive 
|} and negative 
ions—s 
| em. | volt 
- 
Liquid se cm. 
Petroleum ether. ...... 2... | 300 xX10*/35 x10= 
‘Wasstebanl: © = 2.x eee 5S >¢30°* 
Toleal....... 5-5 2.ue~ see Ree ; 0.2 x 104 
Carbon tetrachloride. _...... | 2 x1i0* 
Paraffin (60 dez.)........... ; 1le00 x10* 
Elecirolytie sobutions ~ 
WEE Oe cos eee | 3000 = 
‘to pod te 
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According to most investigators, the current which 
flows between two electrodes immersed in a liquid and 
maintained at a constant potential difference is deter- 
mined by the differential equation 


le 
dt 


=q-—an'—s& (5) 
where 
‘m = the total number of ions at time t¢ 
the rate of production of ions 
the coefficient of recombination 
the rate at which ions reach the electrode— 
proportional to the current 
If the ions are uniformly distributed through the 
liquid 


q 
a 
S 


s= Bn (6) 
where @ is a constant which among other things involves 
the mobility of the ions. Substituting this in (5) and 
separating the variables 


dn 


Ry a nt (7) 

Integrating 
2 4 + p a ee 
logn ee ee Oye eC 


200-6 /4 a9 +6" 
(8) 


This shows that 7 is an exponential function of ¢. 
follows that s, the current between the electrodes, de- 
creases as the time during which the electromotive force 
is applied increases. This same solution holds in the 
case of gases, but in them, the mobility is so great that 
equilibrium is reached in less time than that required 
for the measuring instrument to reach a steady con- 
dition. With liquids, however, the mobility is much 
less and the decrease of the current with time can be 
readily observed. Most observers have made readings 
one minute after the application of the electromotive 
force. During this time, the current will in most cases 
become stationary. 

The conductivity \ of a liquid is given in terms of 
ionic constants by an equation similar to that for a 
gas, namely: 

N=2Z2nek (9) 
where 


= the conductivity 
e = the charge on an ion 
nm = the number of ions per cubic centimeter in the 
stationary state 
k = the average mobility of the positive and negative 
ions. 
As the mobility of ions in liquids is from a thousand to 
a million times less than the mobility in gases, the 
conductivity for a given concentration of ions is pro- 
portionally less or the resistivity proportionally greater. 
The number of ions, however, is generally so much 
greater in liquids than in gases that the resistivity of 
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many liquids is less than that of gases under similar 
conditions. 
As the potential gradient in a liquid is increased, the 
.current approaches saturation in the same way as in a 
gas. Difficulties, however, are frequently encountered 
in the experimental determination of the saturation 
current of a liquid. As an example, when the number 
of ions is small, it is probable that most of them will be 
caused by the solution of traces of impurities. Before 
the current becomes stationary, many of the ions of the 
impurities will go to the electrodes, thus removing from 
the liquid the cause of the ionization. Hence, before the 
saturation current can be reached, the fundamental 
character of the liquid has changed. 


As a second example, when the liquid contains a large 
number of ions which have been produced by any cause 
whatever, an ion concentration occurs near the elec- 
trodes before the current becomes stationary. The 
potential gradient in the region of this concentration is 
reduced so that the gradient near the electrodes is less 
than at a point midway between them. On account of 
this reduced gradient, the velocity of the ions towards 
the electrodes is reduced and the chance for recombina- 
tion increased. These two examples show that the 
experimental difficulties of determining the saturation 
current in a liquid are much greater than in the case of a 
gas. 

Another difficulty in connection with the determina- 
tion of the saturation current in a liquid is that ioniza- 
tion by collision may start before the potential gradient 
is sufficiently high to produce saturation. When this is 
the case, no true saturation current occurs. This phase 
of conduction in liquids, however, has received very 
little systematic investigation. 

Much larger potential gradients can be applied to 
liquids without appreciably affecting the conductivity 
than can be applied to gases. Thus, in most liquids, the 
conductivity obeys Ohm’s law if the potential gradient 
is less than three orfour hundred volts per em., whereas 
in a gas it must be less than one volt per centimeter. 
Where higher potentials are applied the current does not 
increase as rapidly as the potential. For example 
Jaffe’? found for several liquids that if the potential 
gradient were between 500 and 3000 volts per em. 

IT=a+ckE 
where a and ¢ are experimental constants. 

_The resistivity of most liquids decreases with increas- 
ing temperature. This is largely caused!* by a change 
in mobility, as the number of ions is nearly independent 
of temperature. Attempts to correlate! the resistivity 
of a liquid with its viscosity, however, have been 
unsuccessful. 

The above explanation of the passage of electricity 
through liquid dielectrics is based on the assumption 
that the ionic laws of gases can be applied to liquids. 
Some investigators are of the opinion that these laws 
will require some modification before a complete 
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explanation can be given. Von Schweidler!” has pro- 
posed two modifications; the first suggests that equation 
(5), which gives the rate of increase of ions, should be 


dn 
Taga) es (11) 
where f (~) is an unknown function. The reason for 
this suggestion is that the solution of equation (5) 
shows the current to be proportional to the square of the 
conductivity, while experimentally the current is found 
to be proportional to the conductivity with a fractional 
exponent. The second suggestion is that, in many 
liquids, several different kinds of ions exist, each having 
a different mobility. When an electromotive force 
is applied, the kinds of ions having the higher mobili- 
ties reach the electrodes more rapidly than those with 
the low mobilities. As a result, the average mobility 
of the ions which are left decreases as the time of appli- 
cation of the electromotive force increases. This agrees 
with the results of tests on several liquids. 


IV. CONDUCTION THROUGH SOLID DIELECTRICS 


Conduction in solid dielectrics in difficult to distin- 
guish from the phenomena of absorption and residual 
charge. In this respect, solids are entirely different 
from liquids and gases in which these phenomena are 
seldom, if ever, present. Also, electrons play a more 
important part in conduction through solids than liquids 
or gases. Jonic conduction, however, is much more 
common than electronic. Hence in the discussion it 
will be considered that conduction in solids is caused by 
ions, the electron being considered the smallest possible 
ion. 

Although the external agencies which cause ioniza- 
tion in solids are the same as in liquids or gases,— 
namely, electromagnetic radiations and rays from 
radioactive substances,—the effectiveness of the differ- 
ent agencies is quite different. The a and 6 rays from 
radioactive substances ionize some, and perhaps all, 
solid dielectrics. Also it seems probable that for any 
given wave length of electromagnetic radiation some 
solid can be found which will be ionized by it. More- 
over there are a number of solids which are ionized by a 
very wide range of wavelengths. Some illustrations 
of these facts are cited in the following. 

There are few data concerning the ionization of solids 
by the ever-present ultra X-rays. It may, however, 
be because of these rays that no substance is known 
which has infinite resistivity. Sulphur, paraffin, and 
quartz are ionized by both \-rays and X-rays. The 
ionization of selenium by X-rays is so definite that some 
roentgenologists have proposed using this material to 
measure dosage. Quartz is ionized by ultra-violet 
radiation. The visible part of the spectrum produces 
ionization in a number of substances, the most familiar 
being sulphur and selenium. In fact, one form of 
selenium is ionized not only by all of the visible spec- 
trum, but also by the infra red rays. 
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In addition to the external agencies which produce | 
ionization, substances dissolved in a dielectric may 
produce it. Familiar examples are water dissolved in 
rubber and alcohol dissolved in shellac. The influence 
of minute quantities of a dissolved substance is often 
very marked. Hence, there is often great difficulty in 
ascertaining the true resistivity of a substance since it is 
exceedingly difficult to remove the last traces of an 
impurity. Some dielectrics ionize spontaneously. 
There is some interaction between molecules so that 
ions are always present. With such dielectrics an 
increase in temperature frequently increases the 
number of ions in a very marked degree. Glass is an 
example of such a dielectric. 

In general, the mobility of ions in a solid are less even 
than in a liquid. The values given in Table III how- 
ever, are not entirely characteristic. In case of light- 
sensitive selenium, the negative ions are single electrons, 
the mobility of which is probably quite high, while 
that of the positive ion is negligibly small in compari- 
son. In this case the conduction is electronic. 


TABLE IIl 
IONIC CONSTANTS OF SOLIDS 
Average mobility of 
ions 
cm. volts 
sec. 


Recombination 
cm. A 
coefficient 


Substance Authority 
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On the other hand the mobility of the positive ions is 
sometimes high relative to that of the negative. Thisis 
the case with some kinds of glass. In such glasses the 
positive ion can be replaced by other positive ions which 
are carried into the glass by the current. Many similar 
cases are known. ‘These examples show that in solids, 


the difference in mobility of the positive and negative 


ions may be so great that the conductivity is entirely 
dependent on the ions having the highest mobility, and 
not, as is usually the case, in liquids and gases, on the 
average mobility of the two kinds. 

The mobility of the ions in a substance frequently 
increases rapidly with the temperature. In crystalline 
quartz the mobility at 100 deg. cent. is about 200 times 
that at 0 deg., while in calcite it is more than 10,000 
times as much at the higher temperature. In rock- 
salt, on the other hand, there is little if any cheat in 
mobility with temperature. 

There are few quantitative data on the coefficient of 
recombination of ions in solids. There is, however, a 
considerable amount of qualitative information. For 
instance, it is known that in light-sensitive selenium, 
practically all the ions are recombined in two or three 
seconds after removal to the dark. The recombination 
in crystalline quartz is much slower. At room tem- 
perature several months or even years are required 
before a piece of ionized quartz will reach an equilib- 
rium condition. These examples doubtless represent 
extremes in regard to recombination. 
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There are practically no data concerning the ioniza- 
tion potential of the molecules of a solid. There are, 
however, sufficient data to show that ionization by 


- collision occurs in solids although it is often difficult to 


separate it from other phenomena which are present 
when high voltages are applied to a solid dielectric. 

It is probable that the law of ionic equilibrium given 
in equations (1) and (5) will require modification even 
in the case of homogeneous solids. At present, however, 
it furnishes the only accepted basis from which to dis- 
cuss the observational data. On this basis materials 
should have a definite resistivity when the applied volt- 
age is low and the time of application long, and should 
reach, or at least approach, a saturation curve when the 
voltage is sufficiently increased. Both conditions have 
been observed. 

To conform’ with this law, conduction current in a 
solid must decrease with time according to an exponen- 
tial law, as has been shown to be the case for a liquid. 
The measurement of the conduction current in solids, 
however, is complicated by the fact that the absorption 
current also decreases with the time in much the same 
way. There is no known method of distinguishing 
between these currents. In some materials, however, 
the conduction current is so great that the absorption 
current can be neglected. Moreover, in all materials, 
the absorption current tends towards zero, while the 
conduction current tends towards a fixed value, pro- 
vided the ionization remains constant. The ionization 
in solids is generally due to conditions within the mate- 
rial. Often these conditions are disturbed by the passage 
of the current, so that the current at infinite time does 
not represent the true conduction current. It follows 
that no entirely satisfactory procedure can be estab- 
lished. The commercial practise of reading the cur- 
rent at the end of one minute after the potential has 
been applied appears to be as good a one as any that 
can be suggested. 

The saturation current in solids has occasionally been 
observed. An interesting case is reported by Jaffe*’, 
who found that the current in crystalline quartz was 
independent of the applied potential if the potential 
gradient was between 10,000 and 50,000 volts per 
centimeter, and that a steady condition was reached in 
three seconds after the application of the voltage. 

The change of resistivity with temperature depends 
both on the change in the number of ions and on the 
change in their mobility. In some solids the tempera- 
ture coefficient is small and positive, but in most solids 
it is large and negative. Rasch and Hinrichsen“t found 
that, in glass, the change in resistance R could be 
represented by the formula 

A 
log k = mae +B (12) 
where 7' is the absolute temperature and A and B are 
constants. This same law has been found to fit a num- 
ber of substances. As the dissociation of gases into 
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ions (a subject not treated in this paper) obeys the same 
law, the conclusion is often drawn that the cause of the 
negative temperature coefficient in such solids is the 
dissociation of molecules into ions caused by the in- 
crease in temperature. This law, however, holds with 
some solids in which the change in resistance with 
temperature is known to be caused,—at least in part,— 
by the increase in mobility of the ions. Hence the 
dissociatien coefficient can be determined from the 
temperature coefficient only when there is no change of 
mobility with temperature. 

The above deductions concerning homogeneous 
dielectrics apply to the individual components of a 
heterogeneous dielectric. The most interesting form 
of such dielectrics is one composed of layers perpendicu- 
lar to the direction of current flow. A consideration 
of this type leads immediately to the question of absorp- 
tion, a subject which has been treated in another paper* 
of this series. 


V. CONDUCTION OVER THE SURFACE OF SOLID 
INSULATORS 


Gases or vapors are often condensed to a liquid 
form on the surface of a solid with which they are in 
contact. If the angle of contact between the 
solid and liquid is greater than 90 deg., the liquid 
collects in droplets: but if the angle is less than 90 deg., 
the liquid spreads, in a film, over the surface of the solid. 
In one case, the presence of the liquid has little effect 
on the insulation of electrodes fastened to the solid, 
but in the other, the current which flows from one 
electrode to another through the solid is-often much less 
than the current which flows through the condensed 
liquid. 

The condensation of water vapor from the air on solid 
surfaces is a familiar example of surface condensation. 
With waxes, the condensed water forms into droplets, 
but with most materials, it spreads in a film over the 
surface. If the film is formed on the clean surface of an 
insoluble material, like quartz or amber, the water is 
very pure. Since pure water is a poor conductor, the 
film may not carry an appreciable current. The 
slightest trace of a soluble salt however, will so greatly 
increase the conductivity of a film that the current 
through it may be much larger than that through the 
solid itself. Many solids, such as glass and porcelain, 
are sufficiently soluble so that films deposited on them 
are always conducting. The presence of delequiscent 
salts very greatly increases the amount of condensed 
water. In all cases, the amount of condensed water 
increases as a rather large power of the relative humidity. 

Surface films play an important part in conductivity 
through porous materials, such as unglazed porcelain, 
marble, and slate. The pores extend deep into the 
material. Ifa specimen is exposed to a humid atmos- 
phere, the pores become lined with a film of water, which 


*J. B. Whitehead: Dielectric Absorption and Theories of Dielec- 
tric Behavior, A. I. E. E. Trans., Vol. 45, 1926, Mar., p. 102. 
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may have a conductivity many thousands of times 
greater than that of the material itself. The result isa 
decrease in the volume resistivity of the material. 
Evershed considers that conduction phenomena in 
fibrous materials is associated with surface films in the 
pores of the material. However, he makes the further 
assumption that the thickness of the film decreases as 
the applied voltage is increased. This explains the 
increase of resistance with increasing voltage. which is 
shown by such materials. 


VI. CONCLUSION 


This paper includes only a small part of the facts 
which are known concerning conduction through 
insulators. There is every reason to believe that all 
the known facts can be explained by the ionic theory, 
the main tenets of which are herein set forth. The 
details of this theory are sufficiently developed to 
explain practically all the experimental facts in con- 
nection with the passage of electricity through gases. 
The same cannot be said in regard to liquids and solids. 
Here the phenomena are more complex and the experi- 
mental data more meager. A complete explanation 
must await further investigation. 
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Truck refrigeration on a commercial scale has proved 
very successful in California in bringing to market from 
the hot valley interiors butter, eggs, veal and other 
perishables. On hauls of 215 miles from the San 
Joaquin valley to the coast not a pound of any com- 
modity has been lost, or its market value reduced by 
failure of refrigeration or lack of speed in transportation 
since the service was installed during the early part of 
the past summer. 
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PAPERS ON MERCURY ARC RECTIFIERS 
(Marti anp Winocrap!, SHAND?, BuTcHER’) 
Kansas Crry, Mo., Marcx 18, 1927 
BETHLEHEM, Pa., Arrit 21, 1927 
(Discusston aT Kansas City) 

B. Blasser: A limited study on the application of méreury 
are rectifiers to a city street railway system brought out some 
interesting comparisons that might be of interest. 

On the property of the Kansas City Publie Service Company 
the daily load factor is almost constant for any week day, varying 
between 49 and 51 per cent. With this condition, it is a simple 
matter to construct typical load curves for any season from the 
average output over the period under consideration as compared 
to the output on the maximum day in the year. 

For the purpose of this discussion the four curves in the 
accompanying Fig. 1 were constructed; (1) the maximum day in 
the year taken from hourly readings, (2) the typical winter day 
which is 81 per cent of the maximum day, (3) average day for the 
year, 70 per cent of the maximum day, and (4) a typical summer 
day, 61 per cent of the maximum day. 

For a single-unit substation in an outlying district, the time of 
operation may be somewhat different from a centralized substa- 
tion and with the application of a 750-kw. unit to the load of 
1000 amperes for the maximum hour as shown by Curve No. 1 it 
is assumed that the station will be shut down whenever the load 
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drops to 200 kw. This operation would give 20.5 hr. operation 
on the maximum day and 17.75 hr. per day in the summer time. 
If it should be necessary to operate this station through the 
“owl” period at less than 200 kw., the comparative results would 
be materially changed. The dotted line shows the approximate 
load that would be earried by the machine on the ‘“‘owl’’ if this 
station had its proportionate share of the total load. The 24-hr. 
operation would give a station load factor of 51 per cent as 
compared to a load factor under proposed operation of 60.8 per 
eent on maximum day and 65.5 per cent load factor during 
proposed summer operation. 

In comparing the operation of 750-kw. synchronous converters 
with 750 kw. rectifiers, the daily load curves shown were used to 
determine total loss for the day and the difference between the 
loss with converters and the loss with rectifiers (expressed as a 
percentage of total output) was plotted against the average load 
of the machine for the four typical loads shown, Fig. 3a. Posi- 
tive values show rectifier more efficient and negative values 
show converter more efficient. 

This set of curves shows the effect of load factor and more 
variation in performance between converters and rectifiers is 
obtained on 60-eyele systems than on 25-eyele systems. 

A similar set of curves, Figs. 2 and 33, was plotted for a 
1500-kw. station using a single-unit converter and two 750-kw. 
1. A. I. E. E. Journnar, August 1927, p. 818. 

2. A. I. E. E. Journatr, June, 1927, p. 597. 
3. A. I. E. E, Journnat, May, 1927, p. 446. 


rectifiers in parallel. It was assumed that the rectifiers were 
operated as a 1500-kw. unit and that one element could not be 
shut down during periods of light load. The loads were taken 
as double the values of the load curves shown for the 750-kw. 
station except that it is assumed that the station is located at an 
intermediate point between outlying district and downtown 
making it necessary to operate the station during the ‘‘owl”. 
period. Itisalso assumed that this station will pick up load from 
surrounding districts so that it will carry a minimum load of 
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Even with the additional period of light-load operation, 
the 25-cyele converter is almost as efficient as the rectifier for the 
year’s operation and is more efficient during the winter period. 

On 60-cycle systems, the rectifier is more efficient than con- 
verters although the margin is less with the double-unit station. 

For the 1500-kw. station, another set of curves, Fig. 3c, was 
made up with the assumption that one of the 750-kw. rectifiers 
could be shut down for all loads under 750 kw. This eliminates 
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the loss of one unit over a considerable period of time and results 

in an increase in efficiency for the rectifier. This operation gives. 
about the same percentage of saving as was obtained with the 

750-kw. single-unit station. 

From the standpoint of station losses, I should conclude that 
the application of rectifiers on 25-eycle systems would be justified 
only after their satisfactory operation in service had been 
proved, but that the margin of saving when applied on 60-cycle 
systems is sufficient to justify the expense of trial installations. 
The tendeney of 60-eycle converters to flash over is a further 
incentive to the trial application of rectifiers on that frequency. 
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CALCULATED DATA USED FOR CURVES USED IN DISCUSSION OF APPLICATION OF MERCURY ARC RECTIFIER 
750-Kw. Station—Outlying District 


Avg. Saving with rectifier, per cent 
Load, kw., Hours load, Load Machine 
max. hr. oper. kw. factor per cent’ factor 60 cycle 25 cycle 
IMMER rT CERT as meet Ooe OSE oe Bie eee 1000 20.5 608 60.8 81 2433 0.35 
IAVCLALS WITIGOTVGRY «croc ecto tren ate «, Cane'e cba 810 20.0 498 61.5 66.5 1.85 0.64 
AV OLAZCAAY LOL VOAT vet. aoe ditches civls a secre 700 18.88 445 63.5 59.4 2.30 0.83 
Average Summer Daye cc« hiss ete. ad aes 610 TW 7eee 5) 400 65.5 53.3 2.80 L302 
; 1500-Kw. Station—Intermediate District 
Rectifiers in Parallel at all Times 
MAXIE yee aelcaier. reread ee 2000 24 1110 55.5 76 0.32 —0.52 
AMON Oi WA TOL GEG. s.cusrers ee Senses lelioe onsale 1620 24 900 55.5 60 1.30 —0.05 
JNO STG ERLE NS ENO) Hc): h ae 1400 24 780 DDD 52 1.80 0.20 
PASV OVA SE OUSUIMITIVOL AY sai hs. s0bs5 dues eee ace es , 1220 24 ‘ 680 55.5 45.0) 2.30 0.42 
1500-Kw. Stations—Intermediate District 
Single Unit 750-Kw. Rectifier Up to 750-Kw. Load 
MVEA XAIAT ANCL VAY variates levtacstatcyare-s aaeVexesen pads chal 2000 24 1110 55,5 76 0.90 0.10 
AerarerwinltGrday oo. stecc caer eo 1620 24 900 55.5 ee G6) 1.90 0.89 
AVerare GayelOD Yat. cs .c urs cee Rie ica cece 1400 24 780 55.5 52 PREIS 1.40 
ALVOPAL OC) SUBIIMNED CAV ce akin oe Secece ce cheamieneir 1220 24 680 Dao 45.5 4.20 2.15 


Rectifiers have not been in service for sufficient time in this 
country to obtain maintenance costs that are truly comparative 
with other types of apparatus and until this information is 
available comparisons of total operating costs will have an 
unknown factor that might lead to erroneous conclusions. 

R. G. McCurdy: I wish to discuss briefly the effect on 
inductive coordination between electric street railway circuits 
and telephone circuits induced by the use of mercury are recti- 
fiers. In his paper Mr. Shand refers to the importance of this 
problem and it is mentioned briefly in the paper by Messrs. 
Marti and Winograd. It may be of interest to consider the 
relative advantages of rotating machinery and mercury are 
rectifiers in this respect, along with the relative advantages from 
the power standpoint. It would be unfortunate in this respect 
if such a new-development should result in a general increase in 
the a-c. components on street railway circuits in the range of 
frequencies employed in the telephone circuits, thus increasing 
the inductive influence of the street railway circuits. 

In considering this problem, it should be remembered that the 
distribution system of the street railways is a system having one 
side connected to ground. For given magnitudes of voltages 
and currents of voice frequencies, the inductive effects are much 
more severe than with circuits which are connected to ground 
only at neutral points. Moreover, it is of course impossible to 
employ transpositions in the trolley circuits to reduce coupling 
with neighboring communication circuits. 

As brought out in the paper by Messrs. Marti and Winograd, 
there are present in the voltage wave shape on the d-e. side of the 
rectifier, ripples whose magnitude and frequency depend upon the 
frequency of the fundamental a-c. supply and the number of 
phases. The fundamental frequency of the ripple is equal to the 
product of the fundamental frequency of the a-c. supply and, the 
number of secondary phases. The fundamental ripple contains 
both odd and even harmonies. As the number of phases increases, 
the magnitude of the fundamental ripple decreases, as is shown 
by Curve I of Fig. 9 of the paper. Thus in a 6-phase rectifier, 
supplied from a 60-cyele source, the fundamental frequency 
of the ripple is 360 cycles, and in a 12-phase rectifier, 720 cycles, 
the magnitudes of the 720-cycle component in the 12-phase 

rectifier being considerably less than that of the 360-cycle 
component in the 6-phase rectifier. If there were 24 phases, 
the fundamental frequency of the ripple would be 1440 cycles and 
its magnitude would be much less than that of the 720-cycle 
ripple present in the 12-phase device. 

In the table on the seventh page of the paper by Messrs. 
Marti and Winograd are shown amplitudes of the harmonic 
components of the voltage from a 6-phase, 60-cycle rectifier 
including the harmonies up to the eighth. It will be noted that 


the magnitudes of these harmonies fall off with increasing fre- 
quency. The second harmonic, 720 cycles, is about one-fourth 
of the 360-cycle component while that of the 1440-cycle com- 
ponent is about one-eighth. It will be seen, therefore, that the 
6-phase rectifier has all the harmonic components that the 
12-phase rectifier contains and in addition contains 360, 
1080 and other odd harmonic multiples of 360 cycles. 

As brought out in the papers, there is usually considerable 
series inductance in the feeder circuits and load of street railway 
systems. The percentage harmonic in the current is usually 
less, therefore, than it is in the voltage, the percentage of current 
harmonic with respect to voltage decreasing with increasing 
order. In a particular instance which I have in mind, the im- 
pedanee of the load for the harmonie¢ frequencies was equivalent 
to an inductance of about one millihenry. 

In the table on the seventh page of the paper, to which I previ- 
ously referred, there is shown also the effect on the wave shape 
of aseries reactor. The rectifier itself at voltages of about 600 has 
a low internal reactance as compared with the reactance of the 
feeders and theload. The rectifier acts, therefore, practically as 
a constant-potential generator of these frequencies. As the 
impedanee of the load varies for these frequencies, the harmonic 
voltage impressed upon it does not change appreciably. If a 
series reactor is inserted, it is evident that the total harmonic 
current and the harmonic voltage impressed upon the load will 
be reduced in the ratio which the total impedance of the load and 
series reactor bears to the impedance of the load. In the case 
cited in the paper by Messrs. Marti and Winograd, the series 
reactor was about three millihenrys, the load impedance being 
about one millihenry. There is thus a reduction of abaut four 
to one in the harmonic voltages impressed upon the load. It 
is evident that if the load impedance were larger or the series 
reactor smaller, the reductions obtained would also be smaller. 

It is known, of course, that there are also harmonic ripples 
present in the d-e. sides of rotating apparatus for converting 
from alternating to direct current. It will be of interest, there- 
fore, to compare mercury are rectifiers with rotating converting 
apparatus in this respect. To date in this country there has 
been a number of installations of mercury are rectifiers on street 
railway systems from which experience has been obtained. 
These experiences have indicated that the inductive influence 
on telephone lines of street railway systems will be increased by a 
factor of between five and ten to one by the use of a mereury are 
rectifier not equipped with auxiliary devices for correcting the 
wave shape, as compared to the influence when rotating con- 
verting apparatus is employed. The general experience with 
induction from street railway systems supplied by rotating 
converting equipment has been that the noise is largely due to 
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commutator ripples from the ear motors. When mercury are 
rectifiers are used, the source of the noise has been due chiefly 
to the harmonies from the rectifier, the effects from the ear 
motors being overshadowed. 

The impedance of rotary converters to the harmonic frequen- 
cies is of the same order of magnitude as the internal impedance 
of the rectifier. When a rotary converter and a mercury are 
rectifier are operated in parallel in the same substation through a 
reactor, the harmonic currents circulate locally and do not get 
out to the feeders. Under such conditions, the noise effects on 
the telephone lines will be very much reduced. When rectifiers 
and rotary converters are operated in parallel in different sub- 
stations without a series reactor, harmonic currents are ex- 
changed between the rectifier and the converter, which are 
determined by the magnitudes of the harmonie voltages from the 
rectifier and the impedance of the feeders between the two 
substations. The harmonic currents taken by car motors are 
small as compared to these currents. When these tie feeders are 
involved in telephone exposure, the effects are particularly severe, 
the noise being practically constant in magnitude and indepen- 
dent of load so long as the rotary converter and the rectifier are 
eonneeted to the line. 


All types of telephone circuits are affected by these induced 
disturbanees, including interoffice trunk cireuits used for private- 
braneh exchanges and party-line subscribers’ cireuits. Individ- 
ual subseriber circuits are also affected under some conditions. 
These circuits are affected even when they are carried in under- 
ground eables. 


Reference is made in the paper to a small percentage of cases 
involving mereury are rectifiers which have given telephone 
troubles, but, as I understand the matter, this figure is based 
upon European experience. So far, experience in this country 
has indicated that the percentage which will require remedial 
measurements will be very much higher than that. Our ex- 
perience has been that where these mercury arc rectifiers are 
eonnected without auxiliary devices for modifying wave shape 
to street railway circuits involved in telephone exposures, severe 
noise is caused in the telephone cireuits. In two or three jn- 
stances it has been necessary to temporarily shut down the 
mercury are rectifier until a remedy could be applied. 

In cooperation with the manufacturers of these rectifiers, and 
with the street railway companies that are particularly involved, 
work is being carried on by the American Telephone and Tele- 
graph Company and Associated Telephone Companies to deter- 
mine remedial measures. Consideration is being given both to 
measures that may be applied to telephone circuits so that they 
may withstand a higher degree of inductive influence, and 
to corrective measures which may be applied to the mereury 
are rectifiers to reduce their inductive influence. 

In reference to the latter, consideration is being given to the 
use of filters. One particular arrangement which is being in- 
vestigated consists of a series reactor having an inductance of 
about one millihenry, with three shunt branches, each consisting 
of inductance and capacity tuned for the 360-, 720- and 1080- 
eyele components. This arrangement gives large reductions in 
the magnitudes of those’ particular harmonies and appreciable 
reductions in the magnitudes of the harmonies of 1440 eycles 
and above. With such a filter connected to the rectifier, its 
telephone. interference factor will be reduced to that of a reason- 
ably good rotary converter. Under such conditions it would 
seem to make no particular difference, so far as inductive co- 
ordination between the d-e. circuits and telephone circuits is 
concerned, whether the power were obtained from a mercury 
are rectifier or from rotating converting equipment. At present, 
it is not possible to give any precise figures on what the cost of 
such a filter will be, but it does not seem that it will very mate- 
rially change the cost comparisons between mereury are recti- 
fiers and rotary converters. 

In addition to the effects involving the d-c. side of the rectifier, 
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there is also a problem of wave-shape distortion on the a-e. side. 
The current input to the rectifiers from the a-c. supply contains 
harmonies of considerable magnitudes. The effects on the 
telephone interference factor of the voltage depends upon the 
relative ratings of the rectifier and the generating system and the 
impedances of the feeders to the harmonics. If the rectifier 
load is small as compared to the power capacity of the generating 
system and the feeder is short, the effect on the a-c. system is not 
large. If rectifiers form a large proportion of the load, such as 
might be the case with a main line railroad electrification, the 
effect on the a-c. voltage and current waves would be important 
and the difficulty of coordinating the a-c. supply cireuits with 
neighboring telephone circuits would be materially increased. 
There is an important difference, however, in that these har- 
monies are in the balanced voltages and currents rather than in a 
circuit having ground as one side. : 

A. S. Biesecker: In connection with the first method of 
which you spoke—that is, the introduction of the reactance in 
order to smooth out the current curve—by what percentage is 
that going to affect the regulation? 

R. G. McCurdy: The regulation of the rectifier is effected 
only by the d-c. resistance of the series reactor. The power losses 
in the shunt elements are entirely negligible. There seems to be 
no particular difficulty in designing the series reactor to have a 
voltage drop of 0.5 per cent or less of the rectifier voltage where 
this is 500 volts or above. With lower voltage rectifiers, of 
course, the loss in the series coil would be more serious. 


G. E. King: What, in microfarads, is the capacity of the 
condenser you would have to put in there? 


R. G. McCurdy: In the particular arrangement I have 
deseribed, which is applicable to a 600-volt, 60-cycle, 6-phase 
rectifier, the series reactor is one millihenry and the reactor in 
each of the three shunt branches is two millihenrys; approxi- 
mately 100 microfarads are required in the 360-cycle branch, 
25 microfarads in the 720-cycle branch and 10 microfarads in the 
1080-eyele brangh. A design involving more inductance and less 
capacitance would be more economical for higher d-e. voltages. 

A. S. Biesecker: Does it require as much capacity as that 
for each installation? 


R. G. McCurdy: That is one of the matters which must be 
determined by the cooperative studies by the manufacturers and 
street railway and telephone companies, to which I have referred. 
It is obvious, of course, that if the mercury are rectifier were 
connected to a trolley system which is not involved in telephone 
exposures, no filter of amy sort would be required. As a rule, 
however, wherever we find street railway systems, we are likely to 
find telephone systems in proximity so that some filtering equip- 
ment will be required. The total amount of capacity required 
will, of course, be determined by the reduction in harmonic 
voltages and currents which must be obtained. 


O. S. Clark: Is the trouble caused by harmonies in the 
rectifier comparable with the trouble caused by harmonies in the 
rotary converter? 


R. G. McCurdy: While there are oceasionally encountered 
rotary converters which have fairly large harmonic components 
in the voltage wave, approaching those of the mercury are recti- 
fier, as a rule, rotating equipment has noise-producing harmonics 
amounting to not more than 10 per cent or so of a six-phase 
rectifier not equipped with correcting means. In a number of 
instances where rotating apparatus having these large harmonies 
has been encountered, these harmonies have been reduced by the 
application of auxiliary devices, such as resonant shunts. Asa 
rule, there has been sufficient series impedance in the generator 
or converter to make it unnecessary to introduce a series reactor. 

R. E. Curtis: The Luzerne County Gas and Electric 
Corporation has had experience with harmonic filters. We have 
installed a filter on a 25,000-kv-a. generator for this very trouble, 
and I wonder if the American Telephone and Telegraph Com- 
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pany is not in a position to stand the expense for any of these 
harmonic filters that are required. 

R.G. McCurdy: I feel that this matter of the division of cost 
of coordinated measures between the power and telephone 
companies is somewhat beyond the scope of this discussion. 
It seems to me, however, that when any utility is considering the 
use of new apparatus or methods of operation resulting in 
operating economics to the particular utility employing it, a 
study should be made to determine what methods of inductive 
coordination would be required by the introduction of the new 
apparatus or methods. It seems obvious that over-all economies 
should be considered rather than the individual economy to any 
particular utility, and the introduction of any new devices or 
methods, which require for inductive coordination the expendi- 
ture of sums of money larger than the amount involved in the 
operating economies, is a step in the wrong direction. The whole 


- matter of inductive coordination should be attacked from the 


standpoint of the best engineering solution using apparatus and 
methods in the plants of both utilities which will permit them 
both to meet their present and future service requirements 
effectively and at a minimum total cost. 

Caesar Antoniono: We have been listening mostly to one 
side of the story, the manufacturers’. We have one of these 
rectifiers which was put in operation a year ago last June. At 
that time we had in Chicago the problem of handling the crowds 
of the Eucharistic Congress, which was one of the biggest tasks 
that any railroad ever undertook—to carry such a large number 
of people over such a distance in that time. This rectifier station 


was the last leg of the outfit. We had confidence init. We had 
to install eight substations to take care of that load. About 18 
mi. of double track was built to take care of that. So, this 


rectifier was very much depended upon. 

Just to show you what we know about the rectifier and what 
we don’t know— it seems there are many things we don’t know 
about it yet. The theories presened here this morning I take 
with a grain of salt—some are true, or they appear to be true, so 
far as our experience goes. 

At noon before the Eucharistic Congress we were stil] baking 
out the rectifiers, uncertain whether we were going to have them 
in service or not. It developed at noon that we had one anode 
leaking on one tank. Consideration showed that if we were 
going to take the tank apart again and try to re-seal the leaking 
anode, we would not be able to re-bake it in time to put it into 
service. That service was to- begin at three o’clock the next 
morning, and this was noon. 

It was decided, therefore, to take a change, therefore, inas- 
much as by keeping the vacuum pump running, it would keep the 
vacuum up. We putit into service that afternoon. It carried 
a light load—until 3 a.m. From then on, the rectifiers stood up 
under momentary peaks of 300 per cent load without a flicker or 
any effect apparently on the rectifier. The only trouble we 
got into right off— when it began to pick up the load—was heat- 
ing. It seems that the way we had arranged the cooling water 
was not proper to take care of this load. 

This substation was installed in the country and the cooling 
water is pumped continously from a well. The first idea was 
that the well water was perhaps too cold to apply to the cathode 
and to the tanks and, therefore, it was considered the best policy 
to discharge the water back into the well case. Right away we 
warmed that too much. So, it was necessary to discharge the 
water outside and we went through that day without any hitch 
at all as far as the rectifier carrying the load was concerned. 

It happened that a few weeks after that, the designer of that 
particular rectifier came on the job and we told him the anode 
wasleaking. He said, “Well, if I had been on the job, it wouldn’t 
have been put on the line.” That anode was there until a month 
ago, when for some reason the factory decided to change it. It 
was considered that a perfect vacuum must be had to run. This 
rectifier had a leaky anode running for ten or eleven months 
without causing any trouble. 
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Now I am optimistic in believing the mercury rectifier has 
a field, and if some of the properties will make trial stations, I 
think that the troubles will be overcome pretty quickly. 

We have been compelled by ordinances in some towns not to 
put up certain types of buildings in certain locations. That 
will ban the converters from those locations on account of the 
noise unless an expensive structure is designed to be sound 
proof. 

There is another place where the rectifier adapts itself very 
readily to the load in certain conditions. This is at a railroad 
crossing. Our trains may approach a crossing at a speed of 
75 mi. per hr. and then slow down to 15 mi. per hr. which is the 
ruling of the commission, in crossing the railroad. The result is 
when a train approaches the crossing, at a distance of about 
2 mi. it shuts off the power and goes over the crossing without 
power. When it gets on the other side of the crossing power 
must be available. With the rotary converter station it is 
necessary to set the relays very high or slow, otherwise the 
station may shut down. It takes from 25 to 35 see. to get the 
station back on the line. Rectifiers have proved to be better 
equipment for that class of service. The rectifier picks up the 
load right away when the trains get on the other side of the 
crossing, in about 10 sec. We haven’t heard of any telephone 
interference. We have a private telephone cable for the rail- 
road’s use passing right by the station and there is no inter- 
ference there. The telephone property is about 34 mi. away 
and there is no interference at this time, although in that same 
vicinity we have had radio complaints on the rotary converters. 

There are other things that appear to be in favor of the rec- 
tifier as against the converter. One thing we have to contend 
with in the rotary converter is flashing over and locking out. 
That seems to be in some cases quite serious. 

Then, we have the commutator and brush troubles. Every 
one knows the troubles of the commutator of a high-speed 
machine. Also the a-c. brush is as much trouble to the con- 
verter man as the d-c. brush on account of serious dust. The 
dust spreads all over station equipment and causes troubles on 
contacts and insulation. 

A question has been asked about the load division. This 
load division question brings us back again to what we don’t 
know about the rectifier. We had a case where one starting 
anode stuck closed for over a week and would not draw an are 
and pick up any load. During this time we assumed the two 
tanks were working though one was not. Without any apparent 
trouble one tank was doing the work both were supposed to do. 
We didn’t know the difference. 

As to repairs, as has been brought out, we have not, had much 
experience on what repairs amount to, but the impression I got 
is that the repairs are not going to be anything as compared to 
those on rotary converters. 

A. Herz: Mr. McCurdy mentioned something about tele- 
phone interference. On that subject Mr. McCurdy can tell you 
more than I can, but the audibility or sensitivity curve of the 
human ear is, I think very interesting. From analysis of the 
inductive influence liberated by these rectifiers, we know that a 
great percentage of induction is in the order of the 6th harmonic, 
that is, 360 cycles. Another large batch of it comes in at the 
36th harmonic, that is, 2100 cycles. Between these there is a 
valley in this induction. This, of course, is a favorable cireum- 
stance and is a material help in the problem of inductive 
coordination. 

It is an interesting fact that the inductive influence caused by 
the rectifiers is really in the valley of the sensitivity curve of the 
human ear. It may come in higher up again, as some claim that 
the human ear has two sensitive spots, one of which is much 
higher than the one J have mentioned. 

Changing the subject, this matter of having substations 
314 mi. apart on heavy electrification raises the question where 
are we going to stop? If we increase our traffic we shall have to 
put in substations 1144 mi. apart. assuming the use of 700 volts or 
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less on the trolley. The rectifier now gives us an opportunity 
to inerease the voltage. I believe it is very opportune that it 
does. When you have to put substations in at spacing of 114 mi. 
it is nearly time to increase our trolley voltage. Certainly 1500 
volts is practically out of the question in city electrification on the 
streets; 1500 volts or higher is more applicable to interurban or 
main-line electrification and electrification outside of the cities. 

I believe the Europeans have gone a little deeper than we have 
into the transformer construction layout used in connection with 
the rectifiers. If the transformer is the answer to some of the 
troubles we have we should have the transformers made in 
Europe or else our manufacturers might be induced to change 
to the better way. 

The subject of speed of operation is vital. The rectifier can 
be placed in service in a few seconds. You have to pay no 
attention to synchronizing. As a matter of fact you can get a 
rectifier on as quickly as your switches will operate. With 
rotaries that is out of the question, especially with 1500-volt 
installations where you have two rotaries in series. The question 
of polarity on the rotaries is very important, but not so with the 
rectifier—it comes up correctly every time. 

As regards noise both within the substation and outside, we 
must acknowledge that the advantages are all with the rectifier. 

Flashovers have been mentioned. Flashovers on rotaries 
are bad—we know it. Flashbacks occur in rectifiers, but I feel 
confident that they are less serious to the system and I am sure 
they are not as hard on the operators. 

In the matter of cooling these rectifiers, we have had certain 
difficulties caused by electrolysis. Parts of these rectifiers float 
1500 volts above ground.and when a semi-conductive cooling 
medium is used there will be some current leakage. I wonder 
why the manufacturers don’t go to oil eooling, using the same oil 
over and over again and cooling this with water through cooling 
coils. That would mean a change in apparatus but I am quite 
sure it is feasible. Attempts to overcome this difficulty by the 
use of distilled water have been unsuccessful; within two weeks 
it becomes contaminated to such an extent that it is worse than 
Lake Michigan water normally is. So, I think serious considera- 
tion should be given to cooling methods, making use of oil. 

W.C. DuVall: It seems to me in this big subject of rectifica- 
tion, it is going to be a matter of economics and I am quite con- 
fident that we are going to do in the future the same as we have 
in the past—engineers are going to find ways and means of 
correcting such things as telephone interference and other factors 
that would be in the way of progress. 

The biggest thing that the rectifier is doing is to help fight the 
battle of electrification of railroads, alternating current versus 
direct current, and no doubt, we are going to sift it down to a 
field where the rectifier will take its place at one end, and the 
converters the other. Just where that division is going to be it is 
hard to say, but in any event, I am sure engineers will find a 

‘solution. 

W.B. Anderson: In the latter part of his paper, Mr. Shand 
mentions a series of tests on one of thé old rectifiers, Unit No. 56, 
which was built by the Westinghouse Company in 1916. These 
and other later tests were made by the writer, who is associated 
with Mr. Shand, to obtain a direct comparison of certain features 
in the old and new designs. The older unit was operated for 
approximately three months. The results were such as readily to 
convince anyone that successfully operating steel-tank rectifiers 
were made by American manufacturers previous to their present 
commercial activity. 

The vacuum chamber of Unit No. 56 is a drawn steel tank 19 
in. in diameter and 26 in. deep, this being supported by an outer 
sheet metal casing which also serves as a water jacket. The two 
anodes are made of drawn steel and constructed to permit cireu- 
lation of water for cooling. Steel anode shields are used and the 
cathode is not insulated from the rectifier tank. The unit is also 
equipped with a Pirani type of vacuum gage, the same principle 
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now being applied to what is more commonly known as the 
“hot-wire” vacuum gage. All of the seals are made with 
“vacuum cement” a sealing compound developed especially for 
mereury-are rectifiers. This cement is still one of the best 
materials that can be found for vacuum tight seals for certain 
applications. 

As Mr. Shand states, this rectifier had been out of service for 
more than eight years. The tank was opened, cleaned and re- 
assembled, the only changes being the replacement of an old 
solder valve with a modern diaphram-type valve. A set of 
vacuum pumps and a McLeod gage was added to make the 
rectifier an operative unit. 

The rectifier was operated at different voltages from 175 to 
750 volts and on continuous loads as high as 700 amperes It 
was operated 24 hr. per day for a week on a motor-generator set 
load of 600 amperes without a single interruption. Overloads 
as high as 1200 amperes were thrown on the rectifier for 5 min. 
with no apparent distress. Higher momentary overloads tending 
toward short circuits merely opened the circuit breakers. Opera- 
tion was resumed as soon as the breakers could be closed again. 
Several times the pressure was allowed to increase until an 
internal short circuit occurred. Following these, the tank could 
be pumped, out again in three or four minutes and operation 
resumed. The internal design with the steel shields seemed to 
withstand rather abusive operating conditions. 

Two methods of supplying cooling water to the anodes were 
tried. In the first method, a part of the tank discharge water 
was passed through the anodes. This meant that with normal 
full load operating temperatures, the anode intake water tempera- 
ture was about 35 deg. cent. When starting, the anodes were at 
room temperature or lower. The other method, which is similar 
to the practise of ten years ago, was to recirculate the anode 
discharge water, adding just enough make-up water to maintain 
a predetermined temperature. Before placing the rectifier in 
service, the anode water was heated to permit starting with warm 
anodes. The latter method proved much more satisfactory. 
Operation at uniform and higher anode temperatures was possible 
and the necessity of starting with cold anodes was eliminated. 

With such an anode-cooling system, it was possible to collect 
some interesting data and verify certain ideas relative to the 
proper temperatures at which anodes should be operated. 
Several mornings when starting up after the rectifier had been 
standing all night, full load and overloads were thrown on the 
rectifier. With cold anodes, the first few minutes of operation 
were very unstable and internal short circuits frequently oe- 
curred. By preheating the anode water, operation was made 
stable and there were no short circuits. 

For continuous operation, the anode water intake and dis- 
charge temperatures were limited to values corresponding to the 
limiting temperature of the seals. On several occasions, these 
temperatures were allowed to increase approximately 50 per cent 
for periods of about 2 hrs. following continuous operation at the 
first mentioned temperatures. ‘The result was improved vacuum 
and increased stability under abnormal operating conditions as 
compared to similar operation with normal anode water tempera- 
tures. These tests demonstrated very forcibly the desirability 
of relatively higher anode temperatures. 


As already mentioned, the loss in the rectifier was dissipated 
either in the anode and the tank cooling systems. Measure- 
ments indicated that at full load, approximately 65 per cent of 
the loss was dissipated in the tank cooling water and 35 per cent 
in the anode cooling water. These values represent continuous 
operation at the most satisfactory discharge water temperatures 
for this particular design. 

One interesting and very noticeable thing connected with the 
operation of this old rectifier was a decided improvement in 
vacuum when it was placed on load after standing idle a few 
hours. This was apparently due to a redistribution of pressure. 

As Mr. Shand has pointed out, one of the objectives of the 
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older rectifier development was the perfection of a rectifier 
normally requiring no vacuum pumps. The tests on Unit No. 
56 indicated that rectifiers can be made to operate for long 
_ periods without pumping. Rectifiers with such a high degree 
of vacuum tightness are not required now. Vacuum pumping 
equipment that is simple, compact, and reliable is available. 
With a rotating oil vacuum pump and a mercury diffusion pump 
such as used on modern steel rectifiers, it is possible to evacuate a 
tank of 13-cu. ft. volume from atmospheric to 0.001 m. m. of 
mercury pressure in 60 min. 

E. F. Sipher (communicated after adjournment): Mr. 
Shand has very accurately given the steps in the development 
and I believe that the decision to operate a rectifier with a pump 
running continuously is the turning point in the development. 
Until the latter part of the development described by Mr. Shand, 
we attempted to secure exceptional vacuum-tight joints because 
the pumps which were available then were very expensive and 
could not maintain a high vacuum against the small leaks. 
With the advent of the diffusion pump, about the time work was 
discontinued, the possibilities of operating with the pump running 
continuously and building rectifiers with a less perfect seal were 
being seriously considered. 

If the operators will accept steel-tank rectifiers, which must be 
pumped frequently or continuously in order to maintain a 
vacuum, I ean see no reason why it should not be possible to 
furnish rectifiers of considerable capacity, and which will operate 
satisfactorily, as it will no longer. be necessary to build seamless 
drawn steel tanks, nor to construct extremely tight vacuum 
joints, which are inherently expensive and hard to maintain. 


(Discussion aT BETHLEHEM ON Marti AND WINOGRAD PAPER 
ONLY) 


L. A. Doggett: Referring to the table, where the compar- 
ison is made on the efficiency basis between the rectifier and 
the motor generator set, it seems to me there ought to be another 
column in that table that would include the rotary converter, 
for it seems to me the rotary converter of a 3000-kw. size would 
have an efficiency of nearly 96 per cent which would make the 
efficiencies almost equal for the two rectifying devices. 


A. J. Standing: There are three questions that probably 
have been covered in this paper but unfortunately I have not 
had an opportunity to read it. The first question is: Are 
rectifiers available in 25-cyele 6600-volt circuits? The next 
question is: Are rectifiers affected by changes in temperature? 
And the third question is: what is the maintenance on them and 
what troubles are they subject to? 


J.T. Waugh: I would like to ask Mr. Marti, what informa- 
tion he has on the reliability and maintenance of mercury-are 
rectifiers, as found by experimentation or actual practise? Can 
he give us the relative cost between a rectifier with its trans- 
former equipment and a motor-generator set of approximately 
50 to 100 kw. and for say 220 volts d-e. 


John Grotzinger: It is evident that the application of this 
rectifier to electric-traction substations is offering decided 
advantages. 

Unfortunately this does not apply to industrial plants where 
d-e. at 240/120 volts is required for the operation of small and 
medium-sized variable-speed motors. 
wire system two rectifiers would be required, one on each side of 
the neutral, operating at 120 volts d-e. 

At this low voltage there is no gain in efficiency over the motor- 
generator set and the cost of the rectifier would be excessive. 
The attractive feature in such an arrangement would be the 
freedom from the compounding trouble met with when operating 
several three-wire generators in parallel. 

I would like to have Mr. Marti.tell whether in operating several 
such units in parallel they divide the load uniformly, also what 
takes place in the case of a short circuit. 

G. M. Kennedy: I want to know whether you use a three- 
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phase transformer or a single-phase. Suppose we had a 300-kw. 
rectifier, what transformer capacity would we use with that? 


W. H. Lesser: How does the attention required with these 
rectifiers compare with the attention that we need with an 
automatic motor-generator set or an automatic converter? 


O. S. Clark: Fig. 5 shows increased tendency in Europe 
toward higher voltages. I wonder if this is being done to reduce 
distribution losses, or does it indicate a tendency to adopt the 
mercury-are rectifier which operates more efficiently at the higher 
voltages. 

D. C. Prince: On this question of telephone interference the 
General Electric Company has taken the position that we have 
to go halfway with the telephone company, and I believe all the 
rectifiers which we have put out are equipped with the reactance 
which Mr. Marti shows at the top of his figures. 

On the question of filters it has been a matter of where the 
exposure has been bad, and in our installations in most cases 
the exposures have not been bad enough to require the filters. 
However, there seems to be still some hidden question regarding 
that, because one hears all sorts of stories about what interference 
this rectifier and that rectifier produces. So far, our rectifiers 
with the series line reactance have made no trouble in the places 
where they have been fed over heavy power lines, and it is ob- 
served that if the rectifier is supplied over a large power line, 
so that it is a relatively small part of a power load, the inter- 
ference seems to be considerably less than where the rectifier is 
the only piece of apparatus fed over the entire line. A definite 
correction procedure will probably be developed as a matter of 
experience, and I don’t believe the cost will be great. In most 
cases where we have had to put in the filters the cost has not been 
prohibitive. 

Mention is made that a rectifier is naturally a continuous- 
rated machine. The rectifier itself is only a small part of the 
installation, and for that reason the characteristics of the rectifier 
are not necessarily imposed on the system as a whole; that is, if 1t 
were desirable to supply any particular 2-hr. rating, the fact 
that the rectifier might come to its final temperature inside of 
half an hour would not make it necessary to supply a complete 
installation on the basis of half an hour period overload; 7. e., the 
fact that the rectifier itself is a relatively small part of the whole 
makes it possible to discount its own particular characteristics 
by supplying a margin in rectifier capacity. We have installed 
in Chicago a rectifier with a capacity of 1500 kw., and this unit 
has repeatedly carried loads of over 9000 kw. with no ill effects 
whatever. We hope that the policy will be to install rectifiers of 
sufficient size to handle anything that can come, and then, 
as the device becomes more exactly known, it may be possible 
to make savings, but there again such savings will only be in the 
rectifier, which is but a small part of the whole installation. 

Mr. Marti has also gone into this question of the rating of 
transformers. The transformer rating for a three-phase rectifier 
is somewhere around 130 per cent of the kw. capacity, and for a 
six-phase rectifier he has given the figures as somewhere around 
150 per cent, and that leads to the question: Aren’t we sacrificing 
something by going to polyphase operation; that is, to a higher 
number of phases? We have made an investigation to see if the 
advantage in wave form of the higher number of phases cannot 
be obtained with three-phase units, which have the advantage 
not only in that the transformer ratings are less, but the regula- 
tion also tends to be better and the telephone interference tends 
to be less. As a result, our standard rectifiers, instead of being 
six-phase or more, are all three-phase, connected through inter- 
phase transformers, either two or four units operating at an 
angular displacement to bring the total phases up to six or twelve. 

Sidney Withington (communicated after adjournment): 
There is no doubt that mercury are rectifiers possess many mate- 
rial advantages as compared with rotary apparatus, either con- 
verters or motor-generators. They are relatively simple in their 
operation and, being static, are especially adapted to automatic 
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substation operation: furthermore, they ean, like transformers, 
be placed on the line instantaneously by the closing of aswitechas 
required to take care of sudden unexpected loads. As Messrs. 
Marti and Winograd have pointed out, rectifiers are especially 
advantageous for high voltages, both from the point of view of 
their operating characteristics, and cost as compared to rotary 
apparatus. Then, too, as has been stated, they are very attrac- 
tive as regards efficiency, especially at fractional loads. It 
should be borne in mind, however, that the relation between 
overload capacity and continous rating is relatively unfavorable 
as compared to rotary converters or motor-generator sets, es- 
pecially for steam-railway electrification. Where the load 
increments are relatively large compared to the total load, and 
where, therefore, the peaks may be of but short duration, the 
overload capacities of rotary apparatus are of value, whereas the 
relatively small thermal capacities of the rectifiers are a limiting 
factor. In the case of urban traffic, where the load increments 
are a relatively small part of the total load, this feature is of less 
importance, and this is the field in which the greatest develop- 
ment of the rectifier will undoubtedly lie. 

An important characteristic of mereury rectifiers is that if they 
are subjected to conditions which are too severe, they are not 
likely to be permanently damaged as are many other types of 
apparatus, but after a break-down due to overload may as a rule 
be immediately restored to service. 

The question of overload characteristics is an important one, 
and it would appear to be opportune at this time to consider 
special ratings for mercury are rectifiers which would recognize 
the relatively high continuous capacity as compared to their 
overload capacity. Such data might well be included in 
A. I. E. E. Standards. At present a ‘‘nominal’’ rating which 
means little, is assumed in order that standard overload specifica- 
tions may be met. 

A limitation of the mercury are rectifier is in its voltage regula- 
tion. There is, of course, no possibility of‘* over-compounding,” 
and therefore there is a drop in bus voltage at heavy loads. This 
feature, however, especially in the case of street-railway loads, 
may be offset by scattering automatic rectifier substations about 
the territory served, utilizing high-voltage a-c. distribution. 
Such a plan would, of course, mean a relatively low load factor on 
each substation and, therefore, a considerably greater installed 
capacity would be necessary than if the apparatus were concen- 
trated. It is probable, however, that before long, on account 
of quantity production and amortization of development 
expense, mercury rectifiers will be available at considerably 
lower cost than rotary apparatus, even for 600-volt service, and 
the excess capacity will thus be justified by the obvious advan- 
tages of small scattered substations. 

It is probably going a little too far to say that the mereury are 
rectifier will soon exert an influence on the much-discussed ques- 
tion of direct current versus alternating current for heavy 
traction systems. The electrification system finally adopted as a 
standard in this country will necessarily be capable of handling 
all branches of operation economically and reliably, ineluding 
suburban service and “‘through”’ traffic of all kinds, over the same 
tracks. National standardization in this respect is nearly as 
important as track-gage standardization, and should rest on 
considerations which are broader than the economies of any one 
individual problem. 

The chief limitations thus far with d-c. systems are not in the 
generation of power so much as in the flexibility of its distribution 
and use on the rolling stock, and with the increasing voltages 
mentioned by Messrs. Marti and Winograd, even though they 
may be practicable at the substations, problems will necessarily 
be met on the ears or locomotives in main motors and auxiliary 
facilities. Although it is of course impossible to predict what the 
future holds in store for us, nevertheless it may be said that the 
fundamental advantage of alternating current as compared with 
direct current in the present state of development of the art of 
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electrification, is in the flexibility of the a-e. system, wherein it is 
possible on a single distribution system to operate motor cars, 
either singly or in multiple-unit trains up to ten or twelve cars, as 
well as high-speed ‘‘through” passenger trains, and extremely _ 
heavy-tonnage freight trains with concentration of 15,000 or 
20,000 h. p. ina single train. This degree of flexibility has thus 
far not been reached with any d-e. installation yet designed, and it 
does not seem probable that the mereury are rectifier can 
change this phase of the situation very much, especially as it is, 
of course, impracticable to regenerate power and feed back into 
a transmission system through this type of apparatus. 

O. K. Marti and H. Winograd: Mr. McCurdy answered 
practically all the questions on interference which were raised 
during the discussion, and he brought out very clearly the prob- 
lems involved in mereury-are rectifier installations in connection 
with communication systems. I should only like to follow up 
one point a little further. As he states, there are also harmonic 
ripples present in the d-e. sides of synchronous converters, and I 
might point out that interference is sometimes caused by syn- 
chronous generators and condensers. Up to the present time, 
no definite rule has been established by technical societies with 
regard to the permissible volume of this interference for any 
kind of machine, and it is therefore difficult to arrive at a proper 
conclusion in regard to the permissible magnitude of the ripples. 
In eonnection with the machines which cause interference, the 
noise-meter and the telephone-interference-factor meter are used 
to obtain some quantitative measure of the interference effect. 
Assuming, now, that the influence of the rectifier ripples is 
measured by this meter, and that we allow about the same 
telephone interference factor for rectifiers as for other machines, 
a filter equipment which is not prohibitive as to cost and main- 
tenance can probably be found, especially since the recent im- 
provements in condensers, due to the greater demand for them for 
radio and for power-factor correction, have improved their 
quality and also made them lower in price. 

In regard to radio interference, I should like to mention that 
even if the mereury are should radiate waves of the frequencies 
used in radio communication, they would probably be shielded 
by the steel tank. However, it does not radiate such waves, and 
no difficulty has to be feared in that regard. It might, however, 
be mentioned that a great deal of investigating has been done in 
this connection in Europe, Canada, and in this country, without 
any influence on radio being observed. 

I had intended to diseuss Mr. Butcher’s paper quite 
thoroughly, but Mr. Herz and Mr. Antoniono, whose companies 
have had rectifiers in operation for an appreciable period of time, 
gave a much better comparison of the advantages and disad- 
vantages of mercury-are rectifiers and synchronous converters 
than I would have been able to give. 


I should, however, like to make some remarks regarding the 
first cost and the cost of maintenance, as brought out in this 
paper. The maintenance cost of rectifiers and their automatic 
equipment is less than for synchronous converters, as was proved 
by many comparative studies made abroad and in this country. 
It is unjust to base a comparison in regard to maintenance on 
the experiences obtained with the few early trial installations in 
this country, and the comparison will come to be more in favor 
of the rectifier as this equipment and its characteristics become 
better known. 

The eost of an installation as indicated on the last page of 
Mr. Buteher’s paper, giving the cost of the building and founda- 
tion as $5000 for either a rectifier or a rotary converter, cannot 
be correct for two reasons: First, the number of cubic feet of 
space required for a rectifier installation of a certain rating is 
much less than for a converter installation, and, since there are 
no heavy moving parts in a rectifier, the foundation costs practi- 
eally nothing by comparison. According to our estimate, the 
cost of a rectifier substation would be about two-thirds the 
amount stated in Mr. Butcher's comparative table. Since the 
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heat produced by the losses in a rectifier is carried away by the 
water, no extensive space is required above the rectifier, as is 
necessary for the proper cooling of a synchronous converter. 
The cost of making a well in case no running water is available 
can be circumvented by using a recooling system, the cost of 
which is considerably lower than the cost of making a well as 
given in Mr. Butcher’s paper. If the comparison had been made 
upon such a basis, it would have shown that the first cost of a 
rectifier installation compared to a converter installation for 
600 volts, direct current, would be the same, or even less. There 
is a tendency, and I do not see any reason why it cannot be done, 
to increase the trolley voltage to 750, and even to 800 volts. 
At such a voltage the first cost of the rectifier will be less and the 
saving effected due to lower losses in rectifier and feeder will be 
extremely favorable. : 

Answering Mr. Clark’s question, I believe the tendency toward 
higher voltages in Europe is accounted for by a desire to secure a 
higher rectifier efficiency and to reduce the distribution losses as 
well. In one case 800 volts was adopted in order to do away 
entirely with all feeders, the rectifiers working directly on the 
trolley line at 800 volts. The spacing of the substations is 
very close, being only about half a mile. The rectifiers are 
mounted right on the station platform, there being no enclosure 
other than a sereen, and the transformers are mounted close to 
the rectifiers. In this case, almost the entire cost of a substation 
building and feeders was eliminated. 

In answer to Mr. Lesser’s question in regard to the attendance 
required, I should think that the same practise as applied to 
rotary-converter stations should be adopted for rectifiers. Due 
to the fact, however, that a fully automatie rectifier installation 
is simpler and involves less automatic equipment, it requires 
less attention. 

In this connection may be answered the last part of Mr. 
Standing’s question about the troubles to which rectifiers are 
subject. The main trouble experienced with the rectifier itself 
has been back-fires, or are-backs. By improvements in the de- 
sign of the rectifier and its auxiliaries, these have been practically 
eliminated, and when they do occur, they have no serious con- 
sequences as the rectifier can be put back into service 
immediately. In automatic rectifier substations they are taken 
eare of by automatically reclosing circuit breakers. 


Mr. Grotzinger made a remark about the use of rectifiers for 
240/120-volt, direct-current, three-wire systems for industrial 
plants. There are a number of such installations in service. 
Since the rectifier efficiency is considerably reduced at the lower 
voltages, on such systems the rectifier is usually connected to the 
outside wires, and a balancer, which may be a battery or a small 
motor-generator set, is used for obtaining the middle wire. 


As for parallel operation, the rectifier is far better suited for 
such service than a rotary converter. Rectifiers will operate 
in parallel satisfactorily even if connected to two independent 
a-c. systems having different frequencies. Should the voltage be 
lowered, the rectifier cannot feed back, so that one rectifier 
eannot affect other rectifiers operating from the same or other 
a-c. networks. Frequently a power company would like to 
operate a rectifier from 25- and 60-cycle systems during certain 
periods. That, again, is an advantage of rectifiers, as they can 
operate equally well at 15, 25, 60, or even 100 cycles. The only 
factor which will be affected is the size of the transformer, which 
of course must be dimensioned for the lower frequency. This 
will cause a slight decrease in the efficiency of operation at lower 
frequencies. 

In regard to the question of whether a rectifier transformer has 
to be rated for a higher capacity than a transformer for a syn- 
ehronous converter, and to’ what extent the size is affected by 
the number of phases, see curve No. 3 in Fig. 9 of the paper. 
From this curve it is evident that a two-phase transformer, for 
instance, has a rating of 125 per cent of the d-c. output, and 
about 145 per cent of the d-c. output for six-phase rectification. 
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As a rule, because of the simplicity of the interconnections be- 
tween the phases and the lower cost, three-phase transformers are 
used with rectifiers. 

If a rectifier is operated in a place where the temperature is 
high, its operation is entirely unaffected, as the heat generated 
by it is taken away by the cooling water and therefore the am- 
bient temperature does not matter. This is another advantage 
of the rectifier; one can place it in a small space and does not 
have to bother with ventilators and ventilation ducts to remove 
the heated air from the room. Incidentally, the amount of noise 
generated by the vacuum-pump motor is so small that rectifiers 
may be located in places where rotary converters would be out 
of question. In fact, we have rectifiers operating in department 
stores, municipal buildings, hospitals, and other locations where 
the absence of noise is of prime importance. 

In reply to Mr. Waugh’s question regarding the relative costs 
of rectifiers and motor-generator sets for 50 and 100 kw., 220 
volts, the price of rectifiers would be higher. For such capacities, 
rectifiers would be used only if other factors, such as noise, 
flexibility, or operation, ete., make their application advisable. 

As to Mr. Doggett’s remarks, I wish to say that the comparison 
of efficiencies in the paper concerns 3000-volt conversion, for 
which synchronous converters would not be used. 

Mr. Shand: Mr. Marti has referred to the difficulties of the 
design of transformers when used with rectifiers,—a point which 
was also touched upon by Mr. Herz. I mentioned in my paper 
some extensive work on the investigation of rectifiers and circuits, 
and I believe that by adhering to the principles determined, these 
difficulties are not great; and in fact, they have not been found 
so. Where complex arrangements of the transformer windings 
are used, there naturally will be some undesirable complications. 
The transformer inductance determines, to a large extent, the 
voltage regulation of the rectifier, and it requires careful design 
to obtain the proper distribution of this inductance in the wind- 
ings, particularly in the cases where complex schemes of con- 
nection are used. It may be said, therefore, that there is 
something to be gained in the choice of a simpler transformer 
arrangement. 


Referring to Mr. Marti’s remarks of the heat-storage character- 
istics of rectifiers as compared with rotating apparatus, I am not 
sure that I am in strict agreement. It must be remembered 
that water is the cooling medium of the rectifier and that water 
has a very great thermal capacity. Some calculations on this 
subject made some time ago indicated that the rectifier, with its 
cooling water, would have a slightly greater heat-storage capacity 
than a corresponding rotating machine. Of course, where the 
anodes are not equipped with water-filled radiators, the anodes 
will have a lower thermal capacity. 

There is probably a certain amount of general misunderstand- 
ing on the subject of the meaning of the over-load capacity of 
normal-rated machines. Tests have shown that a rotating 
machine, such as a d-e. generator or synchronous converter, will 
reach very nearly its maximum temperature in 35 to 45 min., so 
that there is no basis for the supposition that the machine can 
carry-its guaranteed overload on account of its thermal capacity. 
The limitation for the continuous rating is based rather on the 
limitation on the current-collecting parts; that is, if operated 
continuously on the overload rating, the commutation limit 
would be exceeded and the maintenance on both commutator 
and collector rings would be unnecessarily high. With our 
present state of information on the rectifier, it does not appear to 
have these two kinds of limitations to the same extent, so that its 
application may not be made to the best advantage by directly 
following converter practise. 

In regard to telephone interference, I believe that Mr. 
McCurdy has brought out a number of interesting points. As 
he mentioned, when rectifiers are connected to a highly inductive 
load, such as presented by street-car motors, the harmonic cur- 
rents are reduced to a point where they do not cause any appre- 
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ciable trouble; but as is usual practise, where low-impedance 
feeders connect different substations, the differential voltage 
between two pieces of apparatus in different substations will 
produce much larger harmonies over the connecting feeder. An 
exposure of much less than 10 ampere-miles of such harmonic 
currents has been found to cause trouble in telephone circuits. 
It has been demonstrated both in the investigation referred to 
in my paper, and also in later work that telephone interference 
ean be eliminated by installing special apparatus either in the 
telephone circuits or in the rectifier circuit. The practicability of 
the elimination of telephone interference comes down, therefore, 
to a question of economies, both in the first cost of apparatus, 
and, where installed with the rectifier, in the additional losses 
involved. 

The comments of Mr. MeCurdy on the relative advantages of 
6-phase and 12-phase rectifiers are not borne out in the experi- 
mental values of telephone-interference-factor which he has 
obtained from these two types of apparatus. It may be noted 
that the wave shapes of rectifiers under load are such that the 
advantage of the 12-phase connection will be very much reduced 
on account of the effect of overlap which produces further varia- 
tions of voltage fluctuation but which do not occur at no load. 

C. A. Butcher: It is seldom required that converters of dif- 
ferent frequencies be operated in parallel although this is being 
done very satisfactorily. On the Edison system in Chicago, 
25-eycle and 60-cycle converters are operated in parallel on the 
d-c. bus with little or no apparent difficulty. 

There is something to be said about rectifier development 
apparently having been on a more rapid seale in Europe than in 
America. A reason for this probably lies principally with the 
rates of development of the central-station industries in the two 
countries. 


The central station industry had its birth in this country in the 
three-wire d-c. system. This was quickly followed by the a-e. 
system, which discouraged the installation of numerous small 
isolated plants. Following later, the development of the central 
station in Europe was principally at 50 cycles, whereas 25 cycles 
was the predominating frequency in this country. The 25- 
cycle converter was, therefore, not in the same demand in Europe 
as in America and, perhaps, has never reached the same stage of 
perfection. In the substitution of central-station service for the 
isolated plant, the rectifier in Europe has been the competitor of 
the motor generator and the motor converter rather than the 
synchronous converter. 


The development of the 60-cycle converter followed later and 
those familiar with it know that its early troubles were many. 
However, these have been quite successfully overcome. In 
spite of the remarks made about flashovers, the 60-cycle con- 
verter is a satisfactory piece of conversion apparatus. The de- 
velopment of the high-speed breaker, and the high-reluctance 
commutating pole has done much to assist in its proper per- 
formance. The operators can do well to study those features in 
the application of a synchronous converter which will contribute 
to its more satisfactory performance. Perhaps 50 per cent or 
more of the responsibility for the flashovers of synchronous con- 
verters 1s with matters of application and operation and not in the 
limitations of design. 

The increase of voltage above 600 brings in many other prob- 
lems in the way of design of traction motors, control, and dis- 
tribution insulation, also the problem of using efficiently the 
higher voltages in congested metropolitan areas. The automatic 
substation, since attendance is not required, probably lowers the 
scale of voltages on which d-c. railways may be operated economi- 
cally. There are probably any number of installations which 
years ago would have been made at higher voltages had not the 
automatic substation been perfected to the point where a greater 
number of substations with smaller spacing might be used with- 
out excessive operating cost. 

The transformer design, which enables a rectifier designer to 
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gain low efficiency at light loads, is also possible with synchronous 
converters since it is merely a matter of proper ratio of iron to 
copper losses. 

Power-factor correction by operating rectifiers and converters 
in parallel in the same station,—a question was brought up by 
Mr. Blasser,—is probably something that has not been given a 
great deal of consideration. When one stops to think that the 
power factor of the rectifier, 93 per cent, is much better than that 
of the average industrial load, and that generators in our power 
stations are designed for 80 per cent power factor, I doubt if he 
will find very much to be gained by the parallel operation of 
converters and transformers in the same station for that purpose. 

The question of reverse current at light loads merely means 
that the designs for interurban substations or metropolitan sub- 
stations must be considered in conjunction with the a-c. supply 
in order to gain stability of synchronous apparatus and the system 
as a whole. i 

Operating third-rail systems with 60-cycle synchronous con- 
verters does not render the problem of flashovers more serious. 
If the installation is properly made, the flashovers are probably 
not so severe, on a third-rail system as on overhead, for the reason 
that the magnetic induction on the third rail on the average 
fault, causes the current to rise very slowly, and thus it may be 
interrupted by a breaker of ordinary speed before the load on 
the converter is such as to cause flashover. 


THE APPLICATION OF ELECTRICITY IN CEMENT 
MILLS! 
(NortH) 
Bretuitrnem, Pa., Apri 22, 1927 


EK. B. Wagner: Mr. North mentions that the main sub- 
station was enclosed in a brick building in order to protect the 
equipment from dust. I would like to ask how he was able to 
keep the dust out of the building. 

He told us that he had provided the super-synchronous motor 
with an automatic starter. I should like to know if this is a full 
automatic starter; that is, does it take care of automatically 
applying the brake on the revolving stator so as to slow that 
down and bring the rotor up to speed? 

W. KE. North: The high-tension transformers and switching 
equipment were housed in a building because the combination of 
cement dust and water causes a lot of trouble on 110,000-volt 
insulators that were used for the 66,000-volt service, and although 
it might have been satisfactory to build an entirely outdoor 
station, with a little less money, we didn’t believe that it was wise 
to take that chance since the main thing we wanted was abso- 
lutely continuous operation. 

A small amount of dust gets into the building but the dry dust 
doesn’t have nearly the same disastrous effect on insulators as 
cement dust coked up with water. 

The automatic starters we have on the synchronous motors do 
not automatically put on the brakes. That has been a later 
development. The motors are not thrown directly across the 
line but are started with an autotransformer with reduced-volt- 
age taps. I don’t know on which taps they were working at 
present but about 40 per cent increase over the normal operating 
current is required for starting and the brake is put on by hand 
after the starter automatically throws on the field. The men 
operating these motors have become fairly skillful in the opera+ 
tion of the brake, and we can’t see any rise in the power curve 
when the mill is brought up to speed. We allow from 15 to 20 
seconds for the acceleration of the motors and it is entirely possi- 
ble to operate the brake by hand to get these results. 

F. C. Caldwell: I want to ask if high-tension electric 
precipitation devices for abstracting the dust from the air are in 
use at all in cement mills; also, whether the general tendency to 
extend the use of roller and ball bearings that is going on these 
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days is likely to result in their general adoption in the case of the 
cement-mill motors. Mr. Findlay of the Giant Portland Cement 
Company told me that his company has used nothing but ball 
or roller bearings for the last five years and they are thoroughly 
“sold’”’ on the use of that type of bearing for cement-mill work; 
that they have had no necessity for the replacement of the roller 
or ball bearings, and that they would use no other kind. 

W. E. North: From 1917 to 1919 we had a precipitation 
apparatus at our plant. It will collect the dust. The principal 
reason that we abandoned it is that in our particular case the 
gain we made was far offset by the cost of operating it. In some 
cases, in a new plant possibly, where the dust collector is built 
with the plant and designed to operate with that particular plant, 
you would probably have much better operating conditions. 
The mill in which we installed an electric precipitation dust 
collector was an old one and we had to put this dust collector 
where we had available space and it was not as efficient as it 
would have been if we had sufficient space to install a system of 
greater capacity. 

In regard to the bearings, the best way, I believe, to protect 
motor bearings, or any other kind of bearings or any other 
machinery around a cement mill is not first to try to make the 
bearings dust-tight but to provide dust-collecting apparatus to 
remove the cause of the trouble. However, if that cannot be 
done without enormous expense, the next step is to protect the 
bearings.. With regard to that, however, our mill is not a dust- 
less mill and we have just installed some new 60-cycle motors 
there. The original installation was made in 1913 and 1914, and 
it was taken out the first of January this year, which is 13 years 
of operation. 

As to the life of the bearings in these motors we would some- 
times lose a bearing in 2 weeks at first but we soon remedied that. 
We have, for instance, one 75-h. p. motor that ran 12 years with- 
out a change of bearings. Our tube mills were driven by 150- 
h. p. squirrel-cage motors mounted in rather dusty places on the 
second floor because of lack of space on the first floor, and they 
were running with excessive belt tension. The bearings on these 
motors averaged 2 years. The average life.of the smaller motor 
bearings; that is 25-, 15- and 10-h. p. motors driving elevators 
and conveyors which are usually mounted in fairly dusty places, 
was 14% years. As to the vertical motors with ball and roller 
bearings driving Fuller mills in a coal mill, one of those never had 
the bearings changed. Our vertical motors with ball bearings 
averaged 4 years. 

As to the effect of dust on the coils, we have 80 motors whose 
coils were never repaired, 70 motors were patched, and 10 of them 
were completely rewound in 13 years’ service. 

As to the ball and roller bearing applications on motors, I have 
personally no data on their life in the cement industry. 


In a properly laid out plant, as a rule, the time required to 
replace babbitted bearings does not often hold up production 
very much because such repairs can be foreseen and may be 
made during regular repair periods. : 


D. M. Petty: There seems to be doubt in the minds of some 
people, particularly those who have not been in the steel industry 
to any great extent, as to why some of us in the steel industry 
are particularly interested in ball bearings. We know from 
experience in the steel industry that the babbitted bearings will 
be cheaper than ball bearings, so far as the cost of bearings is 
eoncerned. The reason we put ball bearings in our motors, 
however, is to eliminate the loss of windings due to the lubricating 
oil getting out of the bearings and into the windings. We found 
by keeping a very careful record in our own plant and by ques- 
tionnaires sent out among all of the other larger steel plants 
where proper records were kept, that at least 75 per cent of all 
motor failures were due to the oil getting out of the bearings into 
the windings, and that is the big reason why JI, personally, and 
the committee on which I served came to the conclusion that 
ball and roller bearings would be a good proposition in the steel 
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industry. In the cement industry, motor windings are not sub- 
jected to all the hazards that we have in the steel industry. 
Cement itself is a fair insulator. If we could only get our motors 
filled with cement instead of smoke and gasses and carbons and 
other such things, I don’t believe we would have to worry about 
ball bearings in steel mills. I don’t see why ball bearings 
wouldn’t work out in the cement industry, but as in the steel 
industry more for the sake of saving windings than for the 
bearings themselves. 

G. M. Kennedy: I understand Mr. North to say that the 
2300-volt squirrel-cage motors are manually operated and the 
440-volt squirrel-cage motors are automatically controlled. I 
would like to ask why that is the case. 


W. E. North: The 440-volt motors are thrown directly 
across the line simply by means of an automatic magnetic 
switch. The reason we have manual operation on the 2300-volt 
squirrel-cage motors is that quite a few of these motors were 
put on machines which would probably be replaced soon after 
we finished the reconstruction of the mill and we did not spend 
any more money than necessary on them. 


A. J. Standing: I would like to ask Mr. North, if in the lay- 
out of a new mill today he would use 440 volts or would it be 
possible to go to 2200? What I am getting at is the safety of 
the men around the plant. 


W. E. North: I believe I would put in 440 volts. That, of 
course, is a matter of personal opinion, I believe that 440-volt. 
equipment with the proper apparatus can be made safe enough 
not to interfere with safe operation. For 14 years we operated 
at Coplay with 550 volts and we did not have any serious acci- 
dents to our operating force due to the voltage. We have had 
a few slight accidents due to flashover on opening switches. 
On the 440-volt apparatus that we have now, the starting equip- 
ment is totally enclosed; there is nothing exposed whatever on 
the whole layout. I think I would use 440 volts in preference to- 
220 volts for small motors on account of the feeder conditions, 
and 2200 volts for larger motors. 


John Grotzinger: I am particularly interested in the ap- 
plication of the super-synchronous motor to tube-mill drives as 
the application of synchronous motors to heavy mill drives in 
the rubber industry, with which I am connected, has been a 
feature of the past two years. 

Can Mr. North give us the torque characteristics of his super- 
synchronous motor, particularly the pull-out torque? 


Is excitation furnished from a belted exciter or an external 
d-e. system and what method is used to apply the field at the 
proper time during the starting operation? Is a frequency 
relay used for this purpose or current lockout in combination 
with a definite time relay? 

W. E. North: These 600-h. p. super-synechronous motors I 
was speaking about drive tube mills which require a running 
load of about 425 to 450 kw. We have never made any tests on 
the starting torque or the pull-out torque on those mills. Since 


_ the load is applied by means of a brake the principal starting 


consideration seems to be the period of acceleration. After the 
motor is up to speed we begin to apply a manually operated brake 
and it is possible to hold the current constant at full-load running 
value, if sufficient care is exercised in tightening the brake. We 
never have had any trouble with starting and therefore have 
never made any tests on the starting torque of those motors. 

The excitation is supplied for three of these motors by a motor 
generator or exciter set. I cannot give the exact details of the 
relays used but to the best of my recollection, current-lockout 
in combination with time-limit relays are used. 

F. E. Fairman: In connection with the operation of these 
super-synchronous motors and also the other 2300-volt switching 
equipment, I should like to know just what experience was had 
with the operation of auxiliary devices and auxiliary contacts 
for the field contacts on the synchronous motors, first, with dust 
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in the substations, and just what steps were found necessary to 
be taken in maintenance, cleaning and the like. 

H. H. Leh: We have noticed that when surges occur on the 
line feeding our plant the undervoltage release on our super- 
synchronous motor opens quite frequently, throwing the motor 
off the line, whereas the induction motor in the plant keeps in 
eontinuous operation without the undervoltage release opening. 
I should like to know, if possible, whether this is an inherent 
characteristic of the motor or if it is only due to the design of the 
undervoltage releases. 


Aubrey Smith: Relays are available which ean be used to 
prevent the disconnection of a synchronous motor from its 
source of power by voltage dips which are not too great in 
magnitude nor too long in duration. Ordinarily the lower the 
voltage dip, the shorter the time during which synchronous 
operation of the motor may be maintained and vice versa. The 
degree of continuity of service which can be secured in any given 
ease by use of such relay equipment depends more upon the 
characteristics of the synchronous apparatus than anything else. 
General-purpose synchronous motors, for instance, are available 
which will carry their load operating as induction motors for 
several minutes, without over-heating, at a slightly reduced 
speed. On the return of voltage to its normal value, these 
machines can be made to come up again to synchronous speed 
and operate as synchronous motors. Of course, in such eases 
eontrol equipment must be provided which will attend to the 
removal and re-application of the field when the proper rotating 
speed of the machine is reached. 

Installations making use of the control principles and equip- 
ments mentioned have been made in various places and in various 
industries. Such relay equipment is effective in increasing the 
continuity of service, especially if line disturbances are not-+too 
violent in character. If it is known at the time of planning the 
new installation that the source of power will be subject to 
momentary voltage dips, plans should be made at the outset 
to equip the apparatus with relays designed to sustain synehro- 
nous operation as long as possible. 


W. H. Lesser: I can give some experience about that, too. 
We have in operation at one of our collieries a new system of 
preparing coal known as the sand-flotation process. Hach time 
there is a surge in the voltage or an interruption in the power, 
this apparatus stops and it takes about half an hour to agitate 
the sand again. We have sixteen motors there and the control 
boards are all in one room, and every time we have a surge on 
the line the whole plant shuts down. Mr. Lloyd looked over the 
proposition and we ordered a master control panel for this instal- 
lation, with a time relay on it. We set the relay for 4 see. which 
holds the motors on the line during the surges. 

There is another point I would like to ask Mr. North about. 
Do you have any trouble in the operation of the super-synehro- 
nous motor; that is, with flashovers and things similar to that? 

W. E. North: No, these motors have been running con- 
tinuously since they have been putin. The only trouble we have 
had, has been on account of misalinement of a flexible coupling. 
That was not the fault of the motor and it was remedied within 
afew hours. 

W. E. Lloyd: A few years ago when the interconnection 
system in this territory was being built and surges were com- 
paratively new to the customers now on this system, the tripping 
off of apparatus, either synchronous or induction, due to the low- 
voltage release was very common. We advocated either a time 
delay on the low-voltage trip or removing the low-voltage trip 
entirely, that being dependent upon the particular operation. 
We went through the same conditions in our power stations; 
fans and pumps, and other auxiliary apparatus would trip off 
during these surges, which we could not afford because it meant 
an extended interruption of many minutes rather than one 
minute. So we have taken off the low-voltage releases in our 
power stations; many of our customers have taken them off. 
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I feel that the super-synchronous motor is a new piece of equip- 
ment. We, as well as the customers, are feeling our way, but 
actually I think the time will come when we shall treat the 
super-synchronous motor from a low-voltage-release standpoint 
just as we now treat the induction motor; that is, put on an 
adequate time delay to hold that motor on the line during surges, 
allowing it to trip clear if the voltage goes entirely off for, say, 
half a minute or a minute, or else take it off entirely in case 
the power fails and rely upon the operators to clear the switch 
and have it cleared before the power comes back on. 

In connection with the dust problem Mr. North told how he 
housed his equipment in a building. We can’t very well house 
our incoming transmission line in a building and we have to fight 
a problem of dust on the insulators. Of course, we might run 
the incoming line for the last half mile in a 60 kv-a. cable, but it 
has not been done to date. It was our practise several years ago 
to wipe off the insulators every week on the last few towers adja- 
cent to each cement mill. This worked only fairly well. We had 
no definite plan for changing these insulators and after a pro- 
tracted dry spell followed by a light rain or a fog, we invariably 
had a number of insulator failures caused by leakage over the 
surface of the insulator due to cement dust and collection of 
the moisture. If we were fortunate enough to get a real heavy 
rain following a dry period, that heavy rain usually washed off 
the insulator dust sufficiently so that no trouble was encountered. 
Our recent experience has been to change these insulators on the 
last three or four towers of the line going into the cement mill 
every six months. The insulators further back on that line will 
be changed probably in periods from two to five years, depending 
upon just how much precipitation of dust there is on the insu- 
lator. These insulators were taken down every six months, 
seraped, and then finally scrubbed with a weak solution of 
hydrochloric acid and water, after which they were tested and if 
good were put into service again. It was a rather expensive 
proposition to serub and clean those insulators. In the last two 
or three years we have been taking hot paraffin and painting the 
insulators with a brush. It does not affect the insulating quality 
at all, and when they are taken down we simply dip them into a 
bucket of boiling water and it melts off the paraffin and along 
with it comes the cement dust, and the insulator is ready to go 
back into service again. 

Mr. North speaks about the 66,000-volt transformers which 
he has installed at his mill. I want to mention the reliability 
of that transformer. We have at least 250,000 ky-a. of this type 
transformer in service on the system, either our own transformer 
or customers’, and to date we have not experienced a single 
failure. When I say that, I want to qualify it in this way: We 
have had bushings fail, but that is an attachment which can be 
replaced promptly and stock units are always available. We 
have had winding failures, where a short circuit occurred on the 
low-voltage side and the switching equipment did not clear the 
trouble, but we don’t consider that an inherent defect in the 
transformer. So that I believe Mr. North and every one using 
this particular transformer at this particular voltage is going to 
get excellent service from the unit. 


Mr. North, in speaking of his load factor of 88 per cent, 
reminded me of a cement mill which is using rotary converters 
of 4000-kv-a. capacity. They run a load factor for the month 
as high as 96.8 per cent at unity power factor. It was very 
interesting to see the operators in that substation regulate their 
load. They would go to the lighting switchboard and open and 
close a knife-switch and by a series of flashes they would signal 
to a motor tender out in the mill and he would merely drop off 
one motor or two motors, and they would thus maintain a con- 
stant load of 4000 kv-a. hour after hour. 

O. S. Clark: I wonder if Mr. North has found it to be an 
economical proposition to install lead distribution feeder cables 
underground rather than in conduit. Of course, it is cheaper to 
install a cable underground without the conduit, but it is also 
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much more expensive to make repairs, and there must be a 
balance some place, depending upon the extent of the distribu- 
tion system. I would like to hear from Mr. North on that. 

W.E. North: Before putting in the armored lead cables, we 
got complete prices and cost data on what the cost would be for 
the installation of lead cables in conduit. Ours is an old mill 
and if we put in conduit we would have a great number of bends 
and in many places we would not have room to put in the conduit. 

To reduce repairs we have been liberal in our selection of 
cables. We use cables with 5000-volt insulation for 2300-volt 
service and the capacities are ample. On lead cables buried in 
the ground we use 70 per cent of the underwriters’ rating in 
ealeulating the capacity of the cable, because we believe that 
many failures in varnished-cambric-covered cable come from a 
gradual baking out of the varnish which settles to the lower part 
of the cable, and if the cable is never heated failures are not so 
frequent. I don’t know what the economy would be in a plant 
where you had plenty of room to put in the cable ducts but in 
our particular case it would have been rather expensive to at- 
tempt to put in any kind of a duct system on account of the 
numerous manholes we would have to put in. We would have 
had 6 bends in one run of 400 ft. 

Regarding lead cables and open or closed ditches, our experi- 
ence has been just the reverse of the one mentioned, about 
overheating of the cables. Of course, we were fortunate enough 
not to have to run the main feeder lead cables near the kilns. 
All of the cables in the ditches are separated about 6 in. apart 
and clay or sand is put in to keep a cable, if it flashes over, from 
passing the trouble to the other ones. During our construction 
work some workmen doing conerete work near the cables built a 
fire to thaw a frozen water pipe, not knowing the cables were 
near. The fire was about 2in.fromacable. In very short time 
the cable burned through and although there was another cable 
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6 in. away it was not damaged. This, I believe, justifies the use 
of sand between the cables. 

J.T. Waugh: In discussing Mr. North’s paper, I might say 
that, the electrical distribution systems in a wet-process mill and 
in a dry-process, are identical. 

One type of construction, for a low-tension transformer station, 
that has suecessfully coped with the dust problem is based on the 
elimination of exposed leakage surfaces. 

Where radiant heat is exceptionally high, the use of ventilated 
cable trenches with the omission of sand has been found satis- 
factory. 

Both air-break and oil-immersed starters have been used and 
the results are still open to controversy. Ina coal mill, however, 
it is important to eliminate all air contacts due to the ever 
prevalent inflammable pulverized coal dust and its potential 
explosive properties, if the proper amount of oxygen is supplied 
by a sudden gust of wind, and proper care has not been exer- 
cised in keeping the place clean. 

In further answer to the question of the gentlemen who asks 
how to take care of dust in a high-tension transformer station 
already built, I believe the permanent sealing of all windows and 
the use of louvers covered with muslin will greatly tend to, 
minimize the dust menace. In such a transformer station in the 
heart of a cement mill, where the above ventilation is used, shut 
downs for the purpose of cleaning insulators have been practically 
eliminated. 

F. A. Scheffler: I would like to disabuse the minds of some 
in regard to the statement that there is a possibility of frequent 
explosions in cement plants. That is altogether up to the cement 
operating force and is a question of house cleaning. If the 
cement companies keep their coal mills clean and not abuse the 
pulverizing equipment, they will have no trouble whatever from 
explosions. 


Discussion at Pittsfield 


NOTES ON THE USE OF A RADIO-FREQUENCY 
VOLTMETER' 


(Goopwin) 
PirtsrieLtp, Mass., May 25, 1927 


L. T. Wilson: It has been mentioned that this meter takes 
from 2 to 8 milliamperes, and that a displacement current flows 
between the shields of the same order of magnitude. It was not 
specified in that statement that, that charging current is of the 
same order of magnitude as this 2 to 8 milliamperes only at 
1,000,000 cycles. Of course, at any frequency lower than that, 
the charging current is proportionately lower, and down at 
very low frequencies, it is entirely negligible. 

P. A. Borden: Mr. Goodwin states that in using the instru- 
ment he has described, it becomes necessary to get the voltage 
at the terminals of the instrument to be the voltage which it is 
desired to measure; and in this regard its application does not 
differ from that of any other voltmeter. To obtain this object 
he suggests what he has styled a “point source”’ of voltage, which 
is very nicely worked out on high frequency circuits. Without 
having had the opportunity to fully study the circuit, my ques- 
tion in this regard is,—can that arrangement be applied to com- 
mercial frequencies? If so, it would be very useful in measuring 
small voltages, and potential differences across circuits where a 
very small amount of power is available. I refer to circuits 
where the power consumption of the instrument compared with 
the power available in the circuit is so great that the ordinary 
instrument would disturb the value of the quantity under 
measurement. For example, in the determination of the volt- 
ampere consumption of the voltage coil of a watthour meter, 
current and voltage being measured simultaneously, it would 
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be very valuable if the “‘point source’’ of voltage could be ap- 
plied in the measurement. 

H. M. Turner: Mr. Goodwin mentioned the fact that it is 
desirable to have a fairly large ratio between the currents J; and 
I,of say 10tol. Theadvantagesare that the current amplitudes 
may be easily controlled by adjusting C, (Fig. 3 of the paper). 
without changing the oscillator coupling and that when tuning 
the measuring circuit to resonance the reaction on the oscillator 
is usually negligible. 

I have used this method in the laboratory and find it con- 
venient and satisfactory for measuring circuit constants. 

W. N. Goodwin, Jr: Mr. Borden asks whether the “‘point 
source” of electromotive force could not also be applied ad- 
vantageously to low-frequency measurements. What I termed a 
“point source” of electromotive force was provided as a means 
for obtaining a source of electromotive force which for all practi- 
cal purposes was free from inductance. To obtain this at radio 
frequencies, 1t was found that the voltage drop across a high- 
resistance wire of very small dimensions gave the desired results. 

On low-frequency circuits a somewhat similar method is often 
used in practise in which a low voltage is obtained from a higher 
one by means of the well-known voltage divider. In this ease, 
however, there is no advantage in using what I have termed a 
‘point souree,”’ since the ratio of reactance to resistance can 
readily be made negligible without special reduction in 
dimensions. 

The method described, either for low or for radio frequencies 
is not intended for the measurement of unknown voltages, but 
for establishing a voltage for use in measurements. The voltage 
can, of course, be adjusted to a definite value by knowing the 
value of the resistance and that of the current passing through it. 

I wish to thank Mr. Wilson for calling attention to the fact 
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that the value of the charging current given for the shields is for 
frequencies of the order of 1,000,000 cycles. This was inadver- 
tently omitted from the text. 


CALCULATION OF MECHANICAL FORCES IN 
ELECTRIC CIRCUITS 


(DwicuHtT) 
Pirrsrietp, Mass., May 25, 7927 


V. Karapetoff: Professor Dwight’s equation (5) may be de- 
duced directly from the general formula (2) for the mechanical 
force. Let the return conductor be a concentric cylinder of 
radius b. Let the virtual deformation of the given conductor 
consist of an axial lengthening of the portion of radius a2 by 
an infinitesimal amount ds and of a corresponding shortening 
of the portion of radius a; by the same amountds. The tapered 
portion is supposed to move bodily without a change in shape. 
The inductance of a concentric cable, per unit length, is of the 
form, 


L = 0.05 + 0.2 logh (6/a) (A) 
in perms per em. iength! 
Therefore, the net increase in the inductance is 
dl = 0.2 [logh (b/az) — logh (b/a,)] ds (B) 


Substituting this expression in Dwight’s equation (2), his 
equation (5) is obtained. Therefore, equation (5) is valid so 
long as equation (A) for inductance is valid. The radius b 
of the return conductor does not enter into the result. 

When considering the relationship between an electric current 
and its magnetic flux, it is safer to start with the universal 
relationship, which holds true at any point and is expressed by 
the familiar differential equation w = curl H, where wu is the 
current density.2 The difference between a solid and a liquid 
conductor comes in the boundary conditions in the integration 
of this equation. For a solid conductor, the boundary surface 
is fixed and the component of the current density normal to it 
must be equal to zero. With a liquid conductor, the shape of 


the surface depends upon the magnitude of the total current ° 


and its distribution. Because of the pinch effect, the usual 
hydrostatic conditions must be satisfied at each point within 
the liquid. 

This means that, for each infinitesimal volume taken within 
the conductor, the forces acting upon it must be in equilibrium. 
These forces are the resultant pressure exerted by the remainder 
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of the liquid, the weight of the element, and the force between 
the current and the magnetic field. 


E. H. Dodge: I have quite recently performed some ex- 
periments concerning forces acting on a liquid conductor with 
currents as high as 1500 amperes. 


1. V. Karapetoff, the Magnetic Circuit, p. 190. 
2. See, for example G. W. Pierce, Electric Oscillations and Electric 
Waves. p. 370; M. Abraham, Theorie der Elektrizitat, 1912, p. 220. 
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When a right-angle trough containing mereury has a current 
of 1000 amperes flowing, there is a movement in the liquid as 
shown in the accompanying Fig. 1. The direction of motion is 
from B to A and the level at A is about 14 in. higher than the 
remaining liquid. 

If a straight trough with a constriction is used, there is a 
pronounced flow away from the constriction, as shown in the 
accompanying Fig. 2. There are also eddies at the constriction. 
There is a swirling motion at the electrodes accompanied 
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by a marked depression. As the current changes direction by 
90 deg., the filaments carrying current stretch out and form this 
depression. Within the constriction, an interesting phenomenon 
occurs. With 1000 amperes, the mercury level rises at the 
center and falls at the edges, as if the mereury were trying to 
crowd together to form a circular cross-section. Just before 
the circuit was ruptured with 1450 amperes, the level decreased. | 
The rise in level would seem to be due to the hydrostatic 
pressure which acts radially, and has been given by Dr. E. F. 
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point r em. from the axis of a conductor 2 R em. in diameter. 

The decrease in level might be explained by the action of the 
longitudinal thrust or the taper force which tends to drain the 
mercury from the constriction and thus decrease the level. 

The total thrust on a vertical plane omitting the effect of 


Northrup as p = — r?) dynes per sq. em. at any 


200 
This is obtained by integrating the above expression given by 
Dr. Northrup. This expression is independent of the size of 
the conductor: consequently, the thrust on a vertical plane due 
to the radial force is the same, regardless of the size of cross- . 
section. With this in mind, it seems very reasonable that the 
rupturing of the circuit is caused by the taper force which has 


gravity has been given by Dr. Carl Hering as T = dynes. 


5 
been given by Dr. Dwight as F = aT logh dynes. 

A few simple calculations will bring out the differences in 
pressures. With a conductor carrying 1000 amperes and a 
cross-section with a radius which varies from 1 em. to 6 em., 
by Northrup’s equation, the hydrostatic pressure at the center 
of the small section = 3180. dynes per sq. em. which is equiv- 
alent to 0.0461 Ib. per sq. in. and the pressure at the center of 
the large section = 89. dynes per sq. em. which is equivalent to 
0.00130 lb. per sq. in. 

The total thrust on a vertical section by Hering’s equation 
is 7’ = 5000 dynes and equivalent to 00112 lb. which is the 
same for the large section and the small section. 

Finally the taper force from Dr. Dwight is 


F = 17900 dynes or 0.0402 lb. 


Thus we see that the taper force is greater and seems to sub- 
stantiate the assertion that it causes the circuit to rupture. 
The taper force becomes greater and greater as the small section 
becomes smaller before the rupture of the liquid conductor. 


H. B. Dwight: In my presentation of this paper, I made the 
statement that equation (5) for a conductor consisting of two 
long uniform parts of different diameters, joined by a tapered 
part, can be derived by differentiating the well-known formula 
for the self-induectance of a long, uniform, round wire. This 
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derivation shows that the two long parts do not need to have the 
same axis so long as they have parallel axes, and the shape of the 
tapered part does not matter. 

Such a derivation, however, does not apply to the interesting 
ease described by Mr. Dodge, where the two long parts of the 
conductor have the same diameter and are joined by a double 
taper, or contraction. Formula (A) of Professor Karapetoff’s 
discussion cannot be applied to the minimum diameter of the 
contraction, but only to a long uniform conductor. Therefore, 
in order to show that equation (5) applies to each of the closely 
adjacent tapers of the contraction, some other derivation, such 
as the one given in my paper, is necessary. 

It has not been shown, and it does not necessarily appear, 
that any use of the equation wu = curl H gives greater safety in 
calculation than the methods followed in my paper. 

While it has not been uncommon for mercury circuits of small 
cross-section to be broken by electric currents of the order of 
100 amperes, the observation in detail of the progressive steps 
of the phenomenon and the description of the swirling of the 
liquid which carries an electric current have only rarely been 
made since Dr. Carl Hering described them. Such observations 
require a large section of liquid conductor and from 1000 to 
1500 amperes. Accordingly, Mr. Dodge’s experiments should 
be of interest to physicists and to designers of electric furnaces. 
In determining the swirling motion of the liquid, he used heavy 
floats which extended deep into the liquid, since surface tension 
prevented the motion from being shown by sprinkling dust on 
the mereury. When the circuit was broken, it continuously 
came together and broke at the rate of several times a second. 


I agree with the statement in Professor Karapetoff’s paper, 
that Dr. Hering’s work on electric furnaces and liquid conductors 
was of great value, but that his experimental observations are 
in agreement with the usual methods of caleulating the mechani- 
eal forces associated with electric currents, and do not require 
new methods of calculation. 


DEVELOPMENT OF AUTOMATIC SWITCHING 
EQUIPMENTS IN THE UNITED STATES 
AND EUROPE 


(DrGorEDE) 
Pirtsrietp, Mass., May 28, 1927 


Chester Lichtenberg: Since its development in 1914 the 
automatic station has been a very interesting topic to electrical 
engineers. The development has been very rapid. For ex- 
ample, in the United States today more than one-third of the 
entire switchboard output of the large manufacturing companies 
is automatic switchboard equipment for power stations and sub- 
stations. Our records indicate that over 2,000,000 kw. of 
rotating apparatus are under automatic control and over 
6,000,000 kw. of feeders and transformers are in automatic 
station service. 


It has been thought that the development of the automatic 
station would make the attendants more mechanical. This 
has not been the case. Instead, the personnel of the operating 
companies who care for automatic stations have been required 
to use a greater degree of intelligence than those who attend 
the usual type of substation. It should not be thought, however, 
that the automatic station is an intricate or complicated col- 
lection of devices. It is not. It is a very simple combination 
of devices quite well known in the control art but so skilfully 
connected one to another that they perform functions heretofore 
delegated to human beings. When one considers the problem, 
this is as it should be because human beings are relatively slow 
to respond, while the changes in the electrical circuit take place 
with extreme rapidity. The ordinary human being responds to 
an impulse in about one half a second while the ordinary elec- 
trical device will respond to an electrical impulse in one- 
tenth or even one one-hundredth of this time. 
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Sometimes it is thought that the installation of automatic 
stations will require the engaging of skilled personnel for their 
maintenance and operation. Experience has indicated that 
this is not the case because as before stated the equipments con- 
sist of quite common control devices although there are more of 
them than in the usual manually operated station. Operating 
companies have demonstrated that they have in their employ 
many who can successfully install, maintain and operate auto- 
matic stations. 

Besides, the manufacturers have found that some of the operat- 
ing companies have employees who can and do suggest improve- 
ments in the schemes of operation as a result of their practical 
experience. 

Load-limiting or load-shifting resistors are almost always 
discussed when automatic stations are considered. These 
resistors have three functions; 

1. To prevent the flow of excessive current between an on- 
coming machine and the bus. 

2. To limit the drain on a machine for continuous service. 

3. To shift to adjacent machines the load from a machine 
which might be overloaded. 

Each of these functions is quite important. However, the 
importance varies with the application and with the type of 
transforming apparatus. Primarily, load-limiting or load- 
shifting resistors assist in maintaining service under unusual 
operating conditions and find here their most advantageous 
application. 

H. S. Knowlton: I should like to ask Mr. Lichtenberg 
to say a few words about the training of men to maintain and 
inspect these automatic stations. Probably the designing 
engineers have provided very thorough instructions in printed 
form, but is there not a great gap between the ability of the 
designing engineer to comprehend the details of these automatic 
plants and that of the average operating man? 

K. K. Palueff: It seems to me that the automatic sub- 
station has two very important characteristics. First, that 
there is no need of technical knowledge or training on the part of 
the operator; and second, that it makes small installations more 
economical. 

The automatic substations will enable us to electrify small 
waterpower systems. I should like to add that in this country, 
particularly, the supply of peat was entirely neglected for the 
reason that the main problem connected with the development of 
peat was the impossibility of transportation. Peat made in 
such a manner as to withstand transportation becomes ab- 
solutely uneconomical. It seems to me, therefore, that the 
automatic stations may permit exploitation of the peat bogs in 
this country as well as in Russia to a far greater extent than 
at the present time. 


E. deMulinen (by letter): Mr. DeGoede mentions that the 
first trial installations of automatic switching equipment were 
not made in Europe until 1921-22. I should like to mention 
that an automatic converter substation in Basel (Switzerland) 
has been in successful operation since 1918. Mr. DeGoede 
states that the development in Europe was forced by post-war 
conditions, but the actual development of automatic equipment 
was started during the war on account of shortage of labor. 

Mr. DeGoede mentions that load-limiting resistors are not 
much used in Europe. It might be said that a drooping charac- 
teristic is used in most of the European substations for traction 
purposes, resulting in a great flexibility in load distribution 
between the different substations. This scheme protects the 
converter from high overloads and assures continuity of service 
without destroying a considerable amount of energy in load- 
limiting resistors. In this country, about 90 per cent of the 
traction substations use compound-wound machines which 
require load-limiting resistors to give the system some flexibility, 
but when laying out a new system, it will always be found that a 
drooping characteristic will give the most economical results, 
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In this respect, it may be of interest to note that in one of the 
most recent automatic substations in Chicago,—the Grimm 
Avenue Substation,—no load-shifting resistors are used, as the 
inherent voltage characteristics of the machines in this sub- 
station do not require such equipment. 

In saying that automatic vacuum control is not generally 
furnished with the European automatic rectifier equipments, 
Mr. DeGoede doubtless refers to the first trial installations. 
After considerable research, Brown, Boveri & Co. has succeeded 
in bringing out a most reliable vacuum control which has been 
in commercial use since 1923 and supplied with each automatic 
rectifier equipment. This type of automatic vacuum control 
is used with over a hundred automatic rectifiers in Europe and 
in eight automatic rectifier substations in this country. 


A. H. DeGoede: Mr. de Mulinen states some of the reasons 
why load-limiting resistors are in such little use in Europe. It 
might be said that the service conditions in the United States 
are usually much more severe, and in many instances it has 
been proved that during periods of heavy load it was not possible 
to keep a machine with drooping characteristics on the line, 
making it necessary to add load-limiting resistors to maintain 
service. 

I was familiar with the fact that the Brown Boveri Company 
has equipped its automatic rectifier substations with auto- 
matie vacuum control during the last two years. However, 
as stated in my paper, this is still not generally furnished by 
most of the European manufacturers, while the American practise 
considers it an essential feature for full automatic operation. 

The remarks of Mr. Lichtenberg supplement my paper on some 
interesting points. Many other points might have been treated 
more broadly, but in order to keep my paper within bounds, 
I have only endeavored to give a brief outline of the main ad- 
vantages of automatic switching equipments, and of what has 
been accomplished along this line. 


INSTABILITY IN TRANSFORMER BANKS 
(GouLD) 
PirrsFieLD, Mass., May 28, 1927 


V. M. Montsinger: I was very much interested in Mr. 
Gould’s paper because it gives a possible explanation of the 
same kind of phenomena that I observed on some single-phase 
transformers a few years ago. 

In 1914, I presented discussion for a series of papers on trans- 
former connections, ete., and in this discussion, showed how con- 
denser capacity, connected either across an opening in the delta 
of a Y-delta connected bank, or across the legs of the delta, 
intensified the harmonic voltages. Fig. 4, as given in Part I 
of the A. I. E. E. Transactions, for 1914 p. 782, shows that at 
about 45 or 50 kilolines per sq. in. core density, the harmonic 
voltages suddenly increases to 200 per cent of the fundamental 
voltage. Upon further. increasing the density, the harmonic 
voltage decreases and then increases again; in fact, as the core 
density increased, there were three points at which the harmonic 
voltages were intensified. 


Fig. 6, shown on p. 783, gives results of similar tests made on a 
three-phase core-type transformer, and these curves demonstrate 
that no intensification of the harmonic voltages occurred at 
any point as the core density was inecreased—the maximum 
intensification being in the order of 15 to 20 per cent of the 
fundamental. 

One point I wish particularly to emphasize is that while we 
have these dangerous harmonic voltages in single-phase trans- 
formers, we do not have them in three-phase core-type trans- 
formers. The reason for this obviously is due to the fact that 
in single-phase transformers, the third harmonic voltages in the 
three legs, which are in phase and flowing towards the neutral 
of the “Y” connection, have a return path through the iron core 
leg external to the windings; while in three-phase core-type 
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transformers, the harmonic voltage flux must return through 
the air. 

I should like very much-to have Mr. Gould’s comments on 
how this difference in phenomena between single-phase and 
three-phase core-type transformers lines up with the conclusions 
that the contributing cause of this intensification is leakage 
reactance. 

K. E. Gould: I have done no work with the three-phase 
transformer, and the present paper considers only three single- 
phase transformers star-connected. The statement that the 
leakage reactance of the transformer windings is not a contribut- 
ing factor in the instability is based on the fact that in changing 
the capacity from the secondary to the primary, there was 
practically no difference in the instability which seemed to me 
conclusive evidence that the leakage reactance is not a con- 
tributing cause. 

This statement that leakage reactance does not cause in- 
stability, was made particularly in consideration of work that 
Mr. Shaw did at M. I. T. in 1924. He gave avery good expla- 
nation of the instability, showing that there were two conditions— 
two points at which the transformers could operate—due to the 
interaction of the capacity, and the leakage reactances of the 
transformer windings, particularly in the Y-delta case, where 
the capacity is inserted in one corner of the delta. However, 
as soon as it was discovered that the instability still existed with 
only the iron-core reactor in parallel with the capacity, it seemed 
evident that the instability was not due to what Mr. Shaw called 
a resonance effect between the capacity and the leakage re- 
actance of the transformer windings. 


REDUCTION OF TRANSFORMER EXCITING CURRENT 
TO SINE-WAVE BASIS! 


(CaMILLI) 
Pirrsrietp, Mass., May 28, 1927 


Aram Boyajian: For the benefit of those who are not 
intimately familiar with transformer-problems I wish to say 
that the reduction of core loss and exciting current to a sine- 
wave basis is not quibbling over laboratory precision. The 
reduction of the core loss to a sine-wave basis involves wave- 
shape errors of from zero to 20 per cent, and the reduction of 
exciting current to a sine-wave basis involves errors of from zero 
to 50 per cent. The leading manufacturers of the country use 
methods to reduce core loss to sine-wave basis, and possibly some 
of them use methods to reduce the exciting current also to sine- 
wave basis. These methods greatly lessen but do not completely 
eliminate the possible errors mentioned, due to the fact that the 
bases of all the methods used in the past have been imperfect. 
Mr. Camilli therefore has undertaken to develop methods which 
will have a better basis and will be entirely reliable. I think 
he has succeeded surpassingly well. 


K. K. Palueff: With the tests made by various manu- 
facturers under different conditions, it is impossible to adjudge 
the comparative characteristics of different transformers, and 
it seems to me that the methods described by Mr. Camilli will 
give a very fine basis on which to decide whether the magnetizing 
current really is 2 per cent or 4 per cent. 

I should like to take exception to Mr. Camilli’s statement in 
the first paragraph of his paper wherein he says that the testing 
facilities, in regard to the capacity of the generators, are not 
increasing in proportion to the transformer kv-a. capacity. 
That isn’t our case here in the General Electric Company. 
For the last five years, our testing capacity in generators has 
increased from 3000-kv-a. to 25,000-ky-a. units, and at the 
present time we are equipped to test the largest transformer we 
have yet built, or are going to build for several years to come, 
with a generator which will give very good agreement with that of 


the perfect sine-wave generator. 


1. A. I. E. E, Journat, September 1927, p. 892. 
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THE PHYSICAL NATURE OF THE ELECTRIC ARC 
(Compton) 
Detroit, Micu., June 21, 1927 

Joseph Slepian: There is hardly a scientist on whose work 
I lean more than Professor Compton. 

I remember as one of the best of Professor Compton’s papers 
the one on the theory of the are which he gave in the Physical 
Review in 1923, in which he so ably defended the thermionic 
theory which he has discussed tonight. Today, however, Pro- 
fessor Compton apparently feels that perhaps this theory may 
not always hold after all. 

Remarkable also have been his papers on abnormally low- 
voltage ares. The first deals with the theoretical difficulties, 
almost proving that an are with a voltage less than the ionizing 
voltage of the gas isimpossible. A later paper, however, demon- 
strates the existence of ares with voltage less than the ionizing 
potential but greater than the resonance potential. Then 
followed a paper showing that where ares with voltages lower 
than the resonance potential had apparently been obtained, 
oscillations had been present which momentarily would raise 
the voltage above the resonance potential. Then came still 
another paper showing that ares with total voltage less than the 
resonance potential were possible under suitable conditions. 

Another paper which I found exceedingly valuable, stimulating 
and instructive, is that one on the Mobility of Ions in Discharges 
in which he very boldly sets out to calculate the ways in which 
ions will move in gases of considerable density under the action 
of the electrical fields, taking account of various kinds of col- 
lisions which electrons can have with molecules. This was an 
exceedingly difficult problem, and I marveled that anyone had 
the temerity to tackle it. Yet with a few skillful manipulations 
and ideas, Professor Compton derived equations which are 
quite easy to understand and exceedingly valuable. 

There are some experiences which I have had in connection with 
my engineering work which I think will be interesting in relation 
to the theory of the are. The various theories of the cathode of 
the are mentioned by Professor Compton require that a con- 
siderable portion of the current be carried by electrons leaving 
the cathode. The question then arises as to how these electrons 
get out of the cathode, as ordinarily electrons will not pass from 
a metal into an adjoining gas. One agency which will assist 
electrons in escaping from a metal is heat. When its temperature 
is sufficiently high electrons can pass freely out of a cathode. 
This is essentially the thermionic theory of the cathode of the 
are, which Professor Compton advocated a number of years ago. 


Another possibility which Professor Compton has mentioned 
is that a very high electric gradient may develop at the cathode 
surface in the are a gradient so high that the electrons are pulled 
out of the cathode even though it is not hot enough for thermionic 
emission. 

At the time of the experiments which I am going to describe, 
I, along with almost everybody else, believed in the thermionic 
theory of the cathode; that is, that in an are it was necessary to 
have a cathode hot enough for thermionic emission. If the 
eathode was not hot enough for this, an are discharge would be 
impossible, and if any discharge was obtained it would have to be 
a glow or other high-voltage form. I tried to apply these ideas 
to the development of the are which follows the breakdown of a 
spark-gap by application of high voltage. 

Since the electrodes of the spark-gap are initially cold, it 
seemed necessary that the discharge should start as a glow and 
only after some point of the cathode reached a sufficiently high 
temperature should the discharge change into an are. I tried 
to calculate the time for the heating up of the cathode spot, and 
therefore the time for the flow to change into an are, using data 
for the watts input at the cathode of a glow on copper obtained 


from other experiments. I found it would take seconds before 
the copper would get to the melting point, let alone a temperature 
sufficient for thermionic emission. But the experiment showed 
that the are struck almost at once. Immediately after the gap 
broke down, the voltage dropped to 20 volts, which is too low 
for a glow. 

I had been of the opinion that the cathode had to be hot in 
order to maintain an are; yet here, where the electrodes did not 
have time to get hot, I was getting a discharge with only 20 volts. 
More recently, this experiment has been repeated, using the 
DuFour Oscillograph, and it has been found that the time for the 
discharge to change from glow to are is of the order of a micro- 
second. 

Since the cathode couldn’t have become hot in soshort a time, 
this experiment made me feel that the thermionic theory of the 
cathode couldn’t be correct; at least not all of the time. 

Another experience in connection with my engineering work 
which made me believe that probably the cathode didn’t have to 
be hot was in studying the operation of switches. I have seen 
switches in which the are was blown rapidly along the arcing 
horns operate, and examined the horns afterward, finding 
stretches on the arcing horn absolutely free of burning. There 
might be some oxidation but no evidence of a very high 
temperature. 

This seemed strange and would be hard to explainif the cathode 
had to be hot enough for thermionic emission. I looked into this 
a little more closely, and considered the hypothesis that perhaps 
the are hopped from point to point, without passing over the 
intervening stretch, so that this stretch might not appear burned 
because the are had not actually played on it. 

I eliminated this possibility by bringing the electrodes very 
close together, and also took photographs with a high-speed 
camera. I found that even at those spots where the are had 
played, as indicated by the photographs, there was no burning. 

A German, H. Stolt, has also carried out similar experiments, 
published in the Annalen der Physik. Stolt caused an are to 
move over a cathode so rapidly that apparently there was no 
heating of the cathgde. The claims of Stolt were criticized by 
Guntherschulze, who is mentioned frequently in this paper of 
Professor Compton’s; but Stolt replied quite well to the criticism 
of Guntherschulze, and I believe that Stolt’s conclusions are 
fairly well established. Stolt did get a low-voltage discharge 
from copper and other metals, which moved so rapidly over the 
copper surface that no spot of the copper surface became hot 
enough to melt, let alone have thermionic emission. This 
seemed to me to disprove definitely the theory of the necessity for 
thermionic emission. I have earried experiments similar to 
Stolt’s somewhat further, and have used currents as high as 
20,000 amperes; that is, I have moved a 20,000-ampere are, over 
a cathode surface so rapidly that there was no melting of the 
copper but merely a trace of oxidation. Incidentally, the current 
density in these experiments was of the order of 30,000 amperes 
per em.” 

The application of the method of energy balance at the 
cathode which Professor Compton has used in his paper for esti- 
mating the fraction of the current carried by electrons is cer- 
tainly very interesting, and the values f = 0.25 to f = 0.16 
obtained for the mercury are seem significant. If the ionization 
of the gas next to the cathode is primarily due to collisions from 
electrons coming from the cathode, f could not be less than 0.50. 

Some time ago, I suggested in the Physical Review that per- 
haps no part of the current at the cathode was carried by elec- 
trons, but that all of the current was carried by positive ions 
coming from the highly ionized gas next to the cathode. The 
cause of the high state of ionization in the gas was to be sought 
in the very intense energy concentration there. The values of f 
which Compton finds indicate that this suggestion may be near 
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the truth. Indeed, if a necessary correction to the energy balance 
equation is applied, the value of f eomes even closer to zero in 
accordance with my suggestion. The correction is as follows. 
As item (1) under A, “Heating of the Cathode,’’ Professor 
Compton has “By incoming positive ions, which fall through the 
cathode drop B,, (1 —f) (Be + @+)."’ But all the positive 


ions do not fall through the cathode drop unimpeded. Some 
will collide with molecules and lose energy to the gas. Also, 


many positive ions will be refleeted from the eathode thus in- 

ereasing the chances of collision with molecules. Let @ be the 

fraction of the energy acquired by falling through the eathode 

drop, which a positive ion, on the average gives up to the cathode. 

Then item (1), under A, becomes (1 — f) (@ B. + G4). 
Equation (21) then becomes 


Cho =F pe Oe Ok = 
Qa B; at P+ +" p- = (Bb. B;) 


If we substitute the numerical values used by Compton we get 


c= 


8.6 @ — 6.6 

8.66 + 3.9 

If,we take @ = J we get, of course, the values of Compton, 
f = 0.25 and f = 0.16. If, however, @ is as low as 0.64 by the 
first formula, or 0.77 by the seeond formula, we get f = 0. 


DISCUSSION AT SUMMER CONVENTION 


Journal A. I. HE. E. 


The illustration herewith, shows the arrangement of the parts 
making up the toreh. The copper electrode holder for the negative 
terminal is water-cooled as well as the copper positive terminal 
where the path of the cooling water is indicated. The copper 
anode has a tapered hole of the dimensions indicated on the 
sketeh eut in it. The opening in the anode is round and the 
dimensions are those of a section through the center of the 
opening in the anode. 

After the parts are set up an are is started between the carbon 
eathode and copper anode by short circuiting them with a 
earbon pencil. While the are is maintained, a flame projects 
from the anode as shown in the illustration. 

Observation of the are shows that the size of the flame pro- 
jecting from the anode is roughly proportional to the amperes 
across the are, as might be expected. 

Furthermore, with a given current, the flame is larger when the 
distance D is smaller, the size of the flame decreasing as the 
distance D is increased. 

A change of current causes a much greater difference in the 
size of the flame than is caused by a proportionate change in 
the distanee D. 

The flame is apparently due to very hot carbon particles. 

If the flame is cooled, carbon is deposited on the cooling sur- 


Now what is a reasonable estimate of the value of @? We _ face just as it would be if the flame from a wick were cooled. 
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may obtain some idea by determining the number of positive ions 
which eross the cathode space without colliding with a molecule. 
The electronic mean free path as given by Compton in this paper 
for the mereury-are cathode is 4 X 10-5 em. and therefore the 
ionie mean free path is 1.0 X 10-5em. On the other hand from 
equation (20) taking — J = 4000 as given by Guntherschulze, 
we find, for d, the cathode-fall space d = 4.95 xX 10-§. The 
fraction of the positive ions which will have free paths greater 
than the eathode-fall space will therefore be 
4.95 X 10-6 
g LOX10S — 2-0.495 — 96). 


That is only 61 per cent of the positive ions crossing the cathode- 
fall space fail to collide with a gas molecule. Hence a value of 
@ equal to 0.77 does not look altogether unreasonable. 

J. C. Lincoln: At the plant of The Lineoln Electric Com- 
pany, we have run across a new phenomenon which has to do 
with the nature of the are and which has changed my notion of 
what happens in the are. This phenomenon occurs in a device 
which we eall an “electric toreh.” 


A series of tests was made varying the current and the spacing 
D. The current was furnished by one of the company’s 200- 
ampere, d-e. welders and was adjusted to 50, 75, 100 and 150 
amperes across the are. The distance D was adjusted to 3/16, 
3/8 and 9/16 in. For the results shown in the accompanying 
table, the flame was above the torch, as shown in the illustration. 


To determine the amount of heat in the flame, the amount of 
cooling water passing through the torch and its rise in tempera- 
ture were measured. In the tests the initial temperature of the 
cooling water was 19.1 deg. cent. and 5.375 lb. per minute was 
used. From these measurements, the heat absorbed by the 
water was calculated. The rate at which this heat was absorbed 
was then expressed in watts. It was assumed that the watts 
input, minus the watts earried off by the water, equals the heat 
energy in the flame, and the table shows the percentages of heat 
in the water and the flame respectively. 

The results indicate in general that the greater the current, 
the greater is the energy in the flame; also, that the smaller D is, 
the greater is the energy in the flame. 
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TABLE I 
Temp. 
rise of Perceatage 
Din cooling | Watts of heat 
sixteenths water, |absorbed|———— 
of an Watts deg. by In In 
inch Amperes| Volts input cent.* water | water | flame 
3 50 47 2350 5.9 1002 AQ iB |» BT 18 
6 50 8 2400 6.9 1170 48.8 | 51.2 
3 75 3820 8.9 1535 40.2 59.8 
6 we 40 3750 9.9 1695 ha ew4 54.8 
9 75 48 3600 11.9 2020 56.0 44.0 
100 5 5500 10.9 1850 30:6 66.4 
100 61 5100 13',9 2360 46.1 53.9 
9 100 49.5 4950 16.2 2750 55.5 44.5 
3 150 57 8560 18.4 3130 36.6 | 63.4 
6 150 51 7670 20.9 3560 46.5 | 53.5 
9 150 51 7670 23.9 4040 62.7 | 473 


*5.375 lb. of water passed per min. 


The table shows that from 14 to ?/3 of the heat appears in the 
flame, and I believe that if none of the heat developed in the flame 
was radiated and absorbed by the copper and water, an even 
larger proportion of the total heat in the are would appear in 
the flame. 

The direction of the flame can be affected by a magnet. By 
presenting the south-seeking pole of a bar magnet to the are, the 
flame is pushed to one side. So far as I could judge the flame 
itself is not affected by the magnet. The direction of the flame 
is a function of the current from the carbon cathode to the anode. 
To put it another way, the magnet had no effect on the direction 
of the flame except when close to the are between the carbon and 
copper anode. 

The current between the carbon and copper anode is effected 
in just the way one would expect from the laws governing 
electromagnetie action. 

When there is no external magnetic field at the arc, the current 
flows radially between the carbon and the copper anode. When 
the are is subjected to an external magnetic field, the current is 
forced to only a part of the radial path between carbon and copper 
and at the same time the flame is deflected so that it is more at 
right angles to the current. 

What bearing do these results have on our conception of 
what takes place in the are? 

The present view is that the voltage across the are is made up 
of three portions; (1) the drop at the negative terminal, which 
must be great enough to heat the terminal to the point where it 
will throw off ions readily, (2) the J- R drop due to the resistance 
of the gas stream between anode and cathode and (38) the drop 
at the positive terminal which is fixed by the nature of the 
material and in the carbon are is much greater than the drop at 
the negative terminal. The results of the measurements would 
indicate that in the carbon are there is a drop at the positive 
terminal that may be fixed by the nature of the material, but 
that this drop is not nearly so great as has been supposed. The 
heat at the positive terminal in the ordinary carbon are is the 
sum of the heat due to the inherent drop and the heat of the flame 
or blast from the negative terminal. The heat due to the flame 
or blast has been separated largely from the inherent anode drop 
in the electric torch and measured. The measurements indicate 
that the heat in the flame or blast is greater on the average than 
the sum of the anode drop, the cathode drop and the /-R drop 
due to the resistance of the gaseous part of the arc. 

I do not think it is far from the truth to say that two-thirds 
of the energy in the carbon are appear as heat in the flame or 
blast from the cathode. The question naturally oecurs—What 
is the nature of the flame? Two things can be said of it. First, 
particles of very hot carbon are shot off the end of the cathode 
and these draw the air with them so that the flame from a match 
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is sucked downward through the opening in the anode when the 
apparatus is set up so that the flame is below the torch. The 
current of air was doubtless much stronger when the apparatus 
was turned over, for it was not possible to get the 9/16-in. read- 
ing with 50 amperes, for the are would not persist long enough 
to permit of measurement of the heat. 

I assumed that this was due to the stronger current of air 
through the opening in the anode when the apparatus was set 
up to take the measurements contained in the table. 

The second thing is that the actinic value of the flame near the 
opening in the anode is very much greater than the value in most 
of the flame. When the flame was focused on the ground glass 
the image of the flame covered’ nearly the whole plate, but a 
short-time photograph showed a very small figure on the plate. 
The pictures were taken in 1/500 to 1/1000 sec. and at this 
speed, not more than 10 per cent of the flame that showed on the 
ground glass plate appeared on the photograph. 

A picture of the flame was taken with the camera behind a 
piece of 1%-in. thick pasteboard to see if the active part of the 
flame contained X-rays. The results were negative. 

When the current was reversed in direction, the apparatus 
refused to work as a torch and the are apparently tried to run up 
the carbon when it was made the positive terminal of the are. 
This is a most noteworthy fact, for it depends on something be- 
side the electromagnetic forces. In any piece of apparatus with 
which I am acquainted, the direction of motion is independent of 
the direction of current, for the reversal of current reverses the 
flux and with both flux and current reversed, the direction of 
motion is unchanged. 

What is this blast or flame from the cathode? Apparently 
it is not a stream of electrons, for if it were, it would be affected 
by a magnetic field. At the same time it must be remembered 
that approximately two-thirds of the total energy in the are 
appears in this flame. It is my opinion that the blast from the 
cathode in the carbon are is due to vaporized carbon from the 
carbon pencil. 

We do not know much about the latent heat of carbon, but it 
is possible and even probable thatitis very high. If I am correct 
in the opinion that most of the energy of the carbon are is 
expanded in vaporizing carbon from the carbon cathode and 
that most of the heat that appears at the positive anode is due to 
the solidification of the vaporized carbon at the anode, this 
would be evidence of a large amount of energy required as latent 
heat to vaporize carbon. 

It is my belief that to get a more accurate conception of what 
occurs in the are, we shall have to substitute the idea of the blast 
from the negative terminal as being the central and important 
thing which oceurs in the are, for the idea that there are inherent 
anode and cathode drops. — 

The tests described in this paper show that the flame is a 
phenomenon associated with the negative terminal. 

The old way of looking at it would be to say that the inherent 
drop at the positive terminal was great enough to produce the 
heat that actually appears there. This old conception has, 
I think, been shown to be wrong by these tests. 


The old idea was that the current passed across the are in a 
solid stream and that a cross-section of the current in the are 
would be a circle. 


The experiment with the torch, as well as some others not 
deseribed, indicate that the core of the are is the blast from the 
negative terminal and that the current flows outside of the 
blast and that the section of the current across the are would be 
an annulus and not a eirele. In such a cross-section, the inner 
circle would be the cross-section of the blast from the negative 
terminal and the annulus outside of this inner circle would be the 
cross section of the current. There is no doubt that this is 
the true picture of the cross-section of the current in the case of 
the torch, and I believe it is the true picture in any carbon are. 


P. P. Alexander: I should like to ask Professor Compton 
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to say afew words about the ionizing potentials of different gases. 
These are well known at ordinary temperatures, but at the 
temperature of the are core, apparently, they are entirely 
different. For instance, the ionizing potential of nitrogen at 
ordinary temperature is something like 11 volts; at the tempera- 
ture of the are core, it appears to be several hundred times less. 

I should like to ask Professor Compton if experiments have 
been made to determine the various ionizing potentials at high 
temperatures, because knowledge of these potentials is quite 
essential to the correct interpretation of are phenomena. 


V. Karapetoff: Dr. Compton’s paper is mainly concerned 
with simple, steady ares, and it is only right that an involved 
phenomenon should first be studied in its simplest form. In 
practical applications, we have mostly variable ares, and our 
problem is two-fold: (1) To make an are as steady as possible; 
for example, in: are furnaces, in electric welding, in are lamps, 
rectifiers, ete.; or else, (2) to make an are as unstable as possible 
so as to extinguish it quickly; for example, in switches, spark- 
gaps, relay contacts, flashovers, ete. 

In either group of problems, it is of importance to know the 
factors which contribute both to the stability and instability of 
an are, so as to intensify the desirable factors at will. This 
means that engineers will have to pay more and more attention 
to the physical nature of the are, and Dr. Compton’s paper, with 
its references to literature, should prove a valuable introduction 
to the subject as well as a guide to future investigators. 

Dr. Compton quotes several empirical equations for the ob- 
served relationship between the voltage and the current in a 
steady are. In a transient are, or spark-over, both the current 
and the voltage are functions of time, and the apparent total 
resistance of the are is variable. Dr. Max Toepler! has proposed 
the following function for this resistance: 

R; =k F/A; (a) 

Here k is an empirical constant, Ff, the length of the are, and 
A; the total quantity of electricity which has passed through the 
are from the instant t = 0, when it was struck, to the instant t 
under consideration. 

For a transient arc, there is some reason for Toepler’s formula, 
in that the ionized state of the gas is established only gradually, 
and may be considered a function of the quantity of electricity 
which has passed through the are, the conductance increasing 
with this quantity. 

On the other hand, Toepler’s formula has some serious defects; 
namely, 

1. The resistance, according to formula (a), being infinite 
at the instant of striking, no finite voltage should be able to start 
an are; 

2. Should the are continue over an indefinite period of 
time, its resistance, according to Toepler, should drop to zero; 

3. The ratio of the voltage to the current is assumed to be 
proportional to the length of the are; in reality there is a con- 
siderable and concentrated fall of potential at the cathode, and 
some drop at the anode. 

It is proposed, therefore, to generalize Toepler’s formula as 
follows: 

Ry = (kKF +h )/(At +q) +7 (b) 

In this expression, k!, g, and r are additional constants, intro- 
duced for the purpose of correcting the above-mentioned defects 
of the original formula. When Q,; = 0, 7. e., at the beginning 
of the discharge, R; is no more infinitely large, but has a high 
finite value, Ro = (kF + k1)/q +r. With a steady arc, when 
QO, = ©, the resistance is no more equal to zero, but has the 
limiting low value of R,=r. Furthermore, the resistance is 
assumed to increase more slowly than the length F of the are, 
there being a correction term k'. 

Dr. Otto Mayr has given a general theory of condenser dis- 
charge through a resistance and a sphere-gap, using Toepler’s 
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formula for the resistance of a transient are’. He has also 
determined some values of k from the available experimental 
data. The next step should be to extend his theory on the basis 
of generalized formula (b), and to determine the numerical values 
of the constants which it contains. 

E. C. Starr: I should like to.ask Dr. Compton and the 
gentlemen who have discussed his paper if they have any data on 
the order of magnitude of the transient resistance of an are. 
T have reference to the type of are that is initiated by a potential 
of several thousand volts between electrodes in air at normal 
pressure and temperature. 

The size and shape of the electrodes, as well as the spacing, 
no doubt affect the resistance considerably. For example, the 
ionized path between the points of a needle-gap is not uniform 
in intensity of ionization and the effective cross-sectional area 
of the path is relatively small compared to the area of the path 
between large spheres or parallel disks. Hence it is to be ex- 
pected that the resistance of an are between the latter type of 
electrodes should have a lower value throughout the entire period 
of the transient than in the case of a needle-gap of the same 
spacing. 

Dr. Slepian spoke of measuring the voltage transient of an are. 
Perhaps he also recorded the current transient and could there- 
fore readily determine the resistance characteristic: 

The transient resistance equation suggested by Prof. Karapetoff 
should be of considerable value in the calculation of transients in 
circuits containing spark-gaps if the values of the constants can 
be determined. 


R. W. Sorensen (communicated after adjournment): I 
should like to supplement what has been said by telling some of 
the interesting things relating to ares that Dr. Millikan and I 
have found, as we have endeavored to produce a non-arcing 
switch for use on electric circuits. At California Institute of 
Technology we have been interrupting high-voltage, high-power 
electric circuits by means of switches enclosed in a vacuum 
chamber. To date, we have been very successful in our at- 
tempts to do this, largely because the are at the opening of the 
switch is very small, and apparently removes a negligible amount 
of material from the switch terminal when the are is struck. 
We have some switches showing practically no burning or pitting 
of contacts after 4000 operations. Also, by means of relatively 
small contacts, currents of several thousand amperes at approxi- 
mately 50,000 volts, have been successfully interrupted. In 
performing these interruptions, the switch terminals have not 
been unduly pitted and since there is no pitting of the metal, 
it is rather difficult to account for the energy dissipation at the 
switch during the time of opening. 

Dr. Compton has defined an are ‘‘as a discharge of electricity 
between electrodes in a gas or vapor, which has a negative or 
practically zero volt-ampere characteristic and a voltage drop 
at the cathodes of the order of the minimum ionizing or minimum 
exciting potential of the gas or vapor,” all of which may be true 
but we have found from our many experiences that if gas or vapor 
is required to maintain an are, the amount required is indeed 
very small. Perhaps if we could hypothecate a liquid or gas, 
which will not vaporize at are temperature, it would still be possi- 
ble, though it may appear improbable, to start an are in such a 
liquid. I should like to ask Dr. Compton how it would affect 
his difinition to leave out the words “‘gas or vapor’”’ and have his 
definition read ‘“‘an are is a discharge of electricity between 
electrodes, which has a negative or practically zero volt-ampere 
characteristic and a voltage drop at the cathode of the minimum 
ionizing or minimum exciting potential of the material stripped 
from an electrode at the temperature of the arc.’ In other 
words, is it essential that there be a surrounding medium of gas 
or vapor in order that an are may be struck by the electrodes. 

If, for the moment we assume a medium of gas or vapor not 
essential to the establishment of an are, we must, of course, look 
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for some other means of explaining the process by which an are 
between electrodes is sustained even for a very short period of 
time. This presents a difficulty, which, however, may not be 
insurmountable. Contrary to public opinion, the best known 
vacuum is not a perfect insulator, in the sense that no electric 
eurrent can be made to pass across such a vacuum, because we 
now know that electrons can be shot across vacuous spaces. 
When an are is struck by the two separating electrodes, there 
must be present a host of ions or ionized particles, as well as free 
electrons which serve as the carrier for the are. Is it not possible 
to picture a condition under which these carriers may be provided 
entirely from the electrodes, and not by a surrounding gas? 


K. T. Compton: The work to which Dr. Slepian ealls 
attention is, I think, some of the most interesting in connection 
with the theory of the are. I made a reference to it in the paper, 
but I should like to call attention to just one thing for fear of 
being misunderstood. 

There were two theories of Langmuir that have been discussed. 
One theory has no reference to the origin of the electrons. It 
would apply independently whether the electrons have ther- 
mioni¢ or any other origin. It is merely a space-charge theory. 


As to the other theory, 7. e., that electrons may be pulled out 
of the cathode by high electric fields, I think that we have there a 
possibility of two types of electric ares. Of course there are often 
two or even more types of ares. The character may change 
from one to the other, but both are recognized as ares. It seems 
to me we have brought out in this discussion opportunity at least 
for two of these. 

Dr. Slepian mentioned the case of a copper are in which the 
eathode was not melted, and obviously didn’t get to the melting 
temperature. On the other hand, we certainly do have copper 
ares in which the copper does melt. 


In Table I we notice two tungsten ares, one with a current 
density of 3200 amperes per sq. em., and the other with 700. In 
the latter case the thermionic emission can be calculated from the 
temperature that the are reached. The tungsten melted, and at 
least reached the melting point of tungsten. In that case (See 
Table II) the thermionic emission, calculated from the constants 
of tungsten, comes as near 700 amperes per sq. em. as the purity 
of the tungsten would justify. On the other hand, 3200 ts 
clearly too high to be accounted for by thermionic emission. In 
tungsten we have these two different types, one evidently of 
thermionie origin and the other of different origin,—perhaps with 
electrons pulled out (Langmuir) or perhaps arising from intense 
ionization in front of the cathode (Slepian). 

Nottingham used a special type of are, especially designed to 
reduce heat conduction so that cathode temperature could rise. 
He got a large cathode spot. In the ease of carbon also we have 
pretty good evidence of the large proportion of the emission 
thermionically, and in the case of Pointilite lamps and Tungar 
rectifiers where we can use a pyrometer to determine the tempera- 
ture of the various parts of the cathodes, one gets pretty good 
agreement with the theory of thermionic emission. 

In Table I, in the cases where we have current densities running 
into thousands of amperes per sq. em. I think, with Dr. Slepian, 
that thermionic emission is not adequate to account for currents 
of that order. Another agency must be operative in such eases. 

There are two ways in which the temperature may affect the 
ionizing potential. In the first place, the gas to be ionized may 
be dissociated from its molecular state into an atomic state as a 
result of high temperature. That such action is possible has 
been shown in experimental cases where it is possible to produce 
this dissociation under conditions that can be controlled, namely, 
in hydrogen, iodine, etc. In those cases the effect is always to 
reduce the ionizing potential. This action of temperature is 
indirect. 

As regards any direct effect of temperature on the ionizing 
potential of the gas, this effeet will probably be rather small 
because translating degrees centigrade into volts, about 8000 deg. 
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cent. correspond to only one volt. There are no laboratory 
experiments that reach a temperature as high as 8000 deg. So 
the average energy imparted to electrons as the result of high 
temperature or to the molecules by high temperature would in 
general be only a fraction of a volt. 

I don’t know whether or not there are other ways in which the 
ionizing potential of the gas might be affected than these. The 
only ones I know that have been directly investigated have been 
dissociation of molecular gases into their constituents, and the 
direct thermal ionization of alkaline vapors in electric furnaces, 
as done at the Mt. Wilson Observatory. 

With regard to the question by Mr. Starr, I am sorry that I 
cannot give the desired information because I have made no 
study of transient are phenomena. 

Professor Sorensen’s suggestion that the ionization of materials 
stripped from the electrodes at the temperature of the are be 
substituted for that of a surrounding gas or vapor appears to me 
to be quite permissible as including the interesting discharges 
which he described as true ares. In fact such material is in- 
cluded in the term ‘‘vapor’’ in the sense that I have used. The 
important thing, as I see it, is the presence of some ionizable 
material in the space between the electrodes. 

The great success of this current interrupter seems to be due to 
the fact that, at such low gas or vapor pressures, the mobility of 
the ions is so great that they effectively disappear from the are 
space during the time of low voltage between voltage reversals. 
In high-pressure ares as in oil-immersed circuit breakers, on the 
other hand, the ion mobility is so small that ions remain in 
in sufficient concentration to re-strike the are after the voltage 
reversal. 

In answer to Prof. Karapetoff I wish to say that I never dis- 
cuss the question of an electric are with anyone who has had any 
real practical experience with an electric are without feeling how 
limited is the experience which we have in the laboratory. As lL 
said, we physicists work with ares on a small scale, and the atten- 
tion of physicists has been devoted to ares under the simplest 
conditions in order to find out something about the things going 
on in the are. Unfortunately those aren’t the ares met with in © 
engineering practise, where simplicity and even understanding 
of the phenomena are not the prime considerations. - It may be, 
I am afraid, another generation of physicists which will be able 
to answer some of the questions which are uppermost in the 
minds of engineers. 


PROTECTIVE DEVICES! 
(Hunt) 
Derroit, Micu., June 22, 1927 


Alfred Herz: I want to mention a few things about the 
klydonograph. This device makes use of photographie emulsion 
coated on a base of celluloid or glass. The essential thing is the 
sensitivity of this emulsion. 

A photographic emulsion after development will appear as a 
collection of grains of practically metallic silver. The size of 
these grains seems to have a direct bearing on the sensitivity of 
the emulsion. In general as the sensitivity is increased, the 
grains also iInerease in size. These grains appear under the 
miscroscope as separate islands, or clusters of islands with clear 
spaces between. [Films usually supplied for cameras are coated 
with an emulsion of a fair degree of sensitivity. I believe such 
films are usually used in the klydonograph. It is possible to 
obtain emulsions which have practically no grain, such emulsions 
being usually made with albumin and not gelatine. They are 
abnormally slow for ordinary photographie work; but they:make 
sensitive surfaces of such a fine grain that they ean be used 
for miseroscopie photographs. 

The usual photographic emulsions, made with gelatine, are 
quite hygroscopic, and I really believe that some eaution and 
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research should be carried on as to the effeet of atmospheric 
conditions upon the results obtained with the klydonograph. 
I feel quite confident that some of the results are influenced by 
changes in the atmosphere. Therefore, if you want results that 
are really comparable, it is important first of all to make use of 
the same brand and speed of film or plates for all the tests econ- 
templated. Furthermore, the experiments or tests should be 
earried on under some specific and similar conditions of the 
atmosphere. 

I believe the Lichtenberg figures are produced by minute 
electric discharges between the grains mentioned, which will 
account for the ray-like images we obtain under certain econdi- 
tions as well as for some of the figures resembling tree-like 
growth. 

J. Allen Johnson: I wish to eall attention to the matter 
of lightning-arrester standardization. It appears that by the 
use of the klydonograph, (which you may eall an approximately 
accurate instrument), and the Dufour oscillograph, (whieh is 
probably a very accurate instrument), the fog which has for so 
many years surrounded the lightning-arrester question is grad- 
ually being dissipated. The difficulties in the way of the stand- 
ardization of lightning arresters and lightning-arrester tests 
appear to be passing away. However, the lightning arrester is a 
device for dealing with transient voltages, for its protective 
value bears a relation to the transient voltage, not to the eyelie 
voltage which we generate on our lines. It therefore seems 
necessary, in order to standardize lightning-arrester character- 
istics, that we first standardize a transient voltage. That idea 
may sound revolutionary as we have always been accustomed to 
thinking of transient voltages as very uncertain in their nature, 
but the use of the klydonograph is beginning to give us pretty 
good evidence as to the true nature of the surges which occur 
on transmission lines. We find, for instanee, that they are 
usually unidirectional, or, if not, highly damped. We are 
beginning to have evidence as to the steepness of their wave 
fronts. 

It seems, therefore, that the time is nearly ripe to standardize a 
lightning surge for comparative tests of lightning arresters. 
This report suggests a definition of a standard surge. 

I wish to announce that the lightning arrester subcom- 
mittee would be very glad to have any ideas on this subject so 
that the committee may have the benefit of them in working out 
this standardization. The committee has prepared a tentative 
form of standards for lightning arresters based upon—that is, 
starting from the basis of the report of the working committee 
in 1926. I have about twenty-five copies of this tentative form 
and I should be glad to give copies to any one sufficiently 
interested. 


PUNCTURE VOLTAGE AS A PRECISION 
MEASUREMENT! 
(BusH anp Moon) 
Derroit, Micu., JuNE 24, 1927 

W. W. Shaver: Mr. Moon stated that his results indicated 
that the breakdown was not a pyroelectric effect. I should like 
to mention some experiments which we have been earrying out 
on Pyrex and porcelain insulators which seem to warrant a 
similar conclusion. 

These consisted in developing partial punctures; that is, 
carrying a puncture test almost to the point of breakdown, and 
then breaking the circuit and examining the partial puncture 
in the material. We have some photographs showing what 
might be described as ‘“‘petrified lightning’’ in the breakdown in 
the Pyrex insulators. The discharge very much resembled a 
lightning flash permanently impressed in the glass. In the poree- 
lain insulators, of course, we could not observe this in the same 
way, but by staining the material, we have found means to show 
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that breakdown occurs in a similar manner. When examined 
under the microscope, the appearance of these partial punetures 
indieated that the breakdown was not due to a pyroelectric 
effeet, but more probably to some type of ionization in the 
material. 

F. M. Clark: In Pittsfield, we have worked for several years 
trying to devise a theory for insulation failure. We may not 
have made any more progress than other electrical laboratories, 
but we have reached some definite conclusions with regard to 
dieleetrie behavior. One conelusion is that the electrical 
breakdown of air-impregnated insulation is certainly not a 
breakdown phenomenon whieh we ean explain on the basis of the 
pyroelectric theory. That cheeks, I believe, with the conclusions 
drawn by the authors. <Air-impregnated insulation appears to 
give a breakdown which is a funetion of the chemical be- 
havior and dielectric strength of air. 

On the fifth page of their paper, the authors discuss the effeet 
of large and small electrodes. They apparently reach the con- 
clusion that the difference accompanying the use of large and 
small electrodes is a weak-spot difference. From such familiarity 
as I have with the paper they are using, I do not see how they ean 
reach any other conclusion. 

If the authors desire to get further evidence of the presence 
of weak spots, my suggestion would be to take a head set and 
locate those areas with low-voltage direct eurrent. 

In our work, we have extended the investigation to cover a 
number of laminations of this same type of paper as well as thick 
material, sueh as pressboard. We still find that the small elee- 
trodes give higher values than the large ones. This and other 
related observations make it almost conclusive to us that there 
is some effeet present other than that which we ean attribute 
to weak spots mechanically formed during the manufacture of 
the paper. 

I was interested in the results with polished brass eleetrodes. 
We found the same thing. However, we have been led to believe 
that in all probability the low breakdown which is obtained for 
such thin materials when tested with new electrodes is due to 
the faet that the machinist has not polished the eleetrode sur- 
face sufficiently. With low-voltage direct current, weak-spot 
tests invariably show a larger number per sq. ft. with a new set 
of electrodes than with an old set. With frequent use, this 
difference between the electrodes tends to disappear. We have 
about concluded that the difference is largely due to a surface 
condition of the electrode which is mechanieal and not chemical 
in any way. 

Herman Halperin: In the body of the paper, the authors 
earefully point out the fact that the paper is only one-half a mil 
thick and for this reason thermal factors are favorable to dis- 
ruptive breakdown. 


Thermal breakdown. The equation for thermal breakdown is 


E"/p = C (Appendix A) 

Now, this equation does not contain a term for ¢ (= time) 
since it is tacitly assumed that voltage is raised at a slow rate, 
and the equation is the boundary or limiting value of the stable 
or steady-state condition. It takes a few hours to reach a steady 
condition. However, in Bush's tests, 100 to 120 readings were 
taken per hour. Thisisattherate of two per minute, and assum- 
ing that half of the time is consumed in relay operation, feeding 
the tape, ete., the voltage must have risen at least 600 volts in 
15 see., or 40 volts per see. This is far from a steady-state con- 
dition and it may well be that a more critical study of the thermal 
theory including the time and thermal storage coefficient of the 
paper would yield results consistent with the data. 

At the end of Appendix B, they have this sentence: “With a 
more thorough knowledge of insulation, the future engineer may 
be able to avoid thermal breakdowns altogether.” 

That is, to my mind, a very nice hope, but I don’t believe the 
authors have presented enough data to warrant that possibility. 

Now, in Chicago, during the past few years, we have made over 
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300 tests at various times and durations on impregnated paper 
insulation in underground cables. We have found that about 
75 per cent of the failures occurred in the region of the cable 
where the sheath temperature was higher than the adjacent 
sheath temperature. During the time the voltage was on the 
cable, our testing men went along the cable and felt it with their 
hands, and whenever they discovered a point a little hotter than 
the normal cable temperature, they placed the thermometer on 
the sheath and in that way we got the data as to the location of 
the so-called hot spots. 

Furthermore we have found that a larger percentage of the 
failures was at hot spots when we had the thicker insulations, 
and so with real thin insulation, there may be more dissipation 
of the heat longitudinally so that it does not perhaps manifest 
itself in these hot spots. ; 

Variation of thickness. If the failure is ‘disruptive’ and 
follows ‘‘weak-spot’’ theory then running 1, 2, 3, or 7 
paper layers through together, the dielectric strength should 
increase faster than the thickness of the layers. I should expect 
the equations to be of the form 

E = EE, (n + Clog n) 
where £ is strength of nlayersand £, is the strength of one layer 
(as already determined). In other words, the weak spots would 
not line up and two papers would be far stronger than two times 
one paper. 

However, on the other hand, if the thermal law were large or 
predominant, the strength could not be greater than 


TE IM IT 
and probably would follow the law 
E=VWNE,n(@~—»*) 
If the failure were a complex combination of thermal and 


disruptive effects, (as is very probable), then the dielectric 
strength of several layers could follow the law 
a co) (n) Fy 

where @ (n) could be greater or less than unity for n = small 
number (1, 2, or 3, ete.). This may explain why different 
investigators may have found 

BR=n #, 

E = (n)*% EB, 

E =v n &,, ete, 

Now, Bush and Moon are in an excellent position to throw 
some light on this dispute by making identical tests with n = 2, 
n = 3, ete., up to the limit of the generator, 4000 volts (using 
wider strips, if necessary). Perhaps they could go as high as 
n = 5. Of course, they would have to be very careful about the 
pressure, since. I am assuming thickness ¢ = n ¢;. 

Variation of material. The tests described are on dry paper, 
unimpregnated. Without great complication, I believe it en- 
tirely feasible to surround the electrodes with an oil bath and 
have the paper run through this bath—(several zig-zag passes 
around several rolls under oil). The oil should be continuously 
renewed with degasified oil—the oil to flow in a closed cycle from 
the bath, into a vacuum chamber, pumped out and through a 
filter back into the bath. A surface float would prevent much 
gas from being absorbed at the surface during the short time the 
oilremainsin the bath. Then the paper (being so thin), would 
quickly saturate with oil by capillary action, and small air 
bubbles trapped in the fibers would be quickly absorbed by 
the degasified oil. The test would then be a true test of oil- 
impregnated paper. 

Again, several thicknesses n should be tried up to the limits of 
the apparatus. They should be spaced apart during impregna- 
tion and combined under the electrode only at the last minute. 

Also it might be feasible and very valuable to adapt the 
apparatus to test oil films. All that is necessary is to have a 
continual flow of oil in the bath and a strip (or strips) of paper 
with perforated windows moved one at a time under the electrode. 


DISCUSSION AT SUMMER CONVENTION 


1125 


These ‘“‘windows”’ would serve the double purpose of making the 
oil stagnant during test and positively sweeping it out clean for 
the next test. 

Correlation. Then, having the breakdown strength of paper, 
oil, and impregnated paper separately, all with variations of 
thickness and temperature, the probability is high that much 
more will be known regarding the dielectric strength of ‘‘solid” 
oil-impregnated paper insulation. For the effects of ionization 
a separate analysis would be necessary but much simplified by 
exact knowledge of the ‘‘solid’’ insulation in series and parallel 
with the ionizing voids. 

Wm. A. DelMar: Messrs. Bush and Moon have made an 
important contribution to the study of dielectrics in calling 
our attention to the importance of a large number of tests of 
dielectric strength, in order to obtain significant averages. 
Workers on dielectrics are indebted to them for developing an 
apparatus for putting this principle into effect. 

The actual results obtained in their tests, however, are of 
doubtful value, due to the nature of the dielectric which they 
have chosen. In the first place, unimpregnated paper is merely 
air baffled by a tangle of fibers, and is not at all representative of 
a solid dielectric. Secondly, the use of samples as thin as 4% mil., 
especially in a material of this character, was bound to result in 
the way they have shown. It was not necessary to make tests 
in order to discover the relation shown in Fig. 11 of the paper. 
I therefore feel that they have contributed little or nothing 
towards settling the disputed explanation of the lowering of 
dielectric strength with increase of area. 

The idea illustrated by their Fig. 7 may prove to be an im- 
portant one for researchers on dielectrics if the slopes of the 
Curves A and B are really as different asshown. That such is the 
case is indicated by their analysis of the work of Mtndel. 


R. H. Marvin (communicated after adjournment): This 
paper is of great interest on account of the ingenious methods 
used and the accuracy and completeness of the data obtained. 
However, the dielectric used in these tests,—untreated paper,— 
raises some question as to their significance. 

If a piece of paper is examined with a microscope, it is seen 
to consist of great numbers of interlaced fibers. Such a struc- 
ture indicates air spaces between the fibers, which is in accordance 
with its well-known porosity. The question then arises whether 
a puncture test on such a material gives a true puncture of the 
paper substance, or merely a breaking down of the air in the 
interstices. This is best checked by a comparison with the 
breakdown value of an equal air-gap. 

Some excellent data on the strength of small air-gaps are given 
in, ‘‘The Sparking Distance Between Plates for Small Distances,” 
Robert F. Harhart. Philosophical Magazine. 6th Series. 
Vol. I. 1901. Pp. 147-159. From Fig. 4 of this article the 
following values for various gaps and pressures are obtained: 


Direct-Current Breakdown Voltage 


Gap Pressure, centimeters of mercury 
Millimeters Inches 40 76 152 
0.01 0.00039 340 385 490 
0.02 0.00079 400 460 700 
0.03 0.00118 460 530 900 


The temperature is given as room temperature, and will be 
taken as 20 deg. cent. Since we may assume that changes in 
density caused by either temperature or pressure have the 
same effect, these data permit determining the breakdown at 
different temperatures as well. 

Fig. 8 of the paper under discussion gives the breakdown 
streneth of untreated paper 0.0005 in. (0.0127 mm.) thick at 
temperatures of from O deg. to 140 deg. cent. The curve is a 
straight line giving a puncture voltage of 586 at deg. cent., 
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and 464 at 140 deg. cent. From the data given by Earhart let 
us determine these values on the assumption that the paper acts 
merely as a spacer for an air-gap. If the relative air density is 
taken as 1 at 20 deg. cent., then it will be 1.073 at 0 deg. cent., 
and 0.710 at 140 deg. cent. Plotting the values in the table 
and taking the values for a 0.0005-in. gap gives the following: 


Pressure, | 
| 


Breakdown 
voltage 


Relative air 
centimeters density 


40 
76 


152 


O.527 
1.000 
2.000 


354 
406 
547 


Plotting the breakdown voltage against relative air density, 
we obtain the breakdown voltage at 0 deg. cent. (relative air 
density 1.073) as 415 volts, and at 140 deg. cent. (relative air 
density 0.710) as 373 volts. Thus the value for air at 0 deg. cent 
is 70.8 per cent of the value for paper, and the value at 140 deg. 
eent is 80.4 per cent. Both values for air are therefore a little 
low, but by nearly the same percentage. 

There is also the possibility that the path of the spark among 
the paper fibers is not straight, but winding. This would 
increase the breakdown voltage of the air path, and bring the 
ealeulated values for air more nearly in accordance with the 
observed values for paper. 

While it must be admitted that the data presented are not 
sufficient to prove that the untreated paper acted simply as an 
alr-gap, still the relation is sufficiently striking to appear to 
deserve further study. 

P. H. Moon: I was much interested in the suggestions made 
by Mr. Halperin. There is, of course, an immense field for 
further, ork along these lines; and our work, so far, can hardly 
be considered as more than a preliminary. 

I agree with Mr. Del Mar that the material used was not just 
paper but was “‘air-impregnated” paper. I do not see, however, 
that this invalidates our results. 
purely a breakdown of air, then—making due allowance for 
variations in the machine—I should still expect the results to 
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April 1927 


be much more uniform than they were. The reason we used 
air-impregnated rather than oil-impregnated or varnished 
paper was simply to keep the number of variables as small as 
possible. In any measurement of insulation, the number of 
variables is large at best. If oiled or varnished paper had 
been used, additional “unknowns,”’ connected with the kind and 
eondition of the impregnating substance, would have been 
introduced. 

In the paper by Del Mar, Davidson, and Marvin,” the conflict- 
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ing results obtained by different investigators have been pointed 
out. These discrepancies are undoubtedly due to the use of 
different materials by the various investigators. However, I 
think that the differences are partly due to the fact that some of 
these breakdowns occurred according to the thermal theories 
and some did not; that is, two investigators might test samples 
of the same material and might get entirely discordant results 
due to difference in thickness or temperature. One might get 
thermal breakdowns and the other might get ionization 
breakdowns. 


150x 10® Volts /Cm 


Voltage Gradient 


Thickness 
5a-5x10-* Cm. 
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Fig. 2—BREAKDOWN GRADIENT OF VERY THIN SPECIMENS 
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That thickness and temperature have a vital effect on the 
mechanism of breakdown is shown by some recent work by a 
group of Russian physicists. I am referring to Joffé, Inge, 
Semenoff, Walther, and some others. These investigators have 
obtained a very good check on Rogowski’s thermal theory with 
glass and with rock salt, provided the thicknesses were of the 
order of a millimeter or greater. In this case, if voltage gradient 
is plotted against temperature, the curve is very low near 
the melting point of the material and rises exponentially as the 
temperature is decreased (see Fig. 1 herewith). This is just as 
we would expect from Rogowski’s theory. But the curve does 
not continue to go up indefinitely. At some temperature— 
150 deg. for glass—it makes a sudden break and becomes hori- 
zontal. Their tests have shown that it remains horizontal 
out to liquid-air temperatures. 

Joffé has shown that the exponential part of the curve is due 
to thermal breakdowns, while the horizontal part is caused by 
ionization. In the latter part, he has shown that the breakdown 


gradient is 
Pre: 2eP 
u m 


where wu is the mobility of the ions, P is the ionization potential, 
and e and m are the charge and mass of the ion. This would 
indicate that the gradient at breakdown is independent of 
the thickness and temperature, provided the mobility stays 
constant. 

It might seem that the horizontal part of the curve repre- 
sented the maximum gradient obtainable, but some further 
work has shown that this is not the case. If gradient is plotted 
against thickness of the material (Fig. 2 herewith), for sheets 
less than 5 & in thickness, the gradient goes up inversely as 
the thickness and rises to very high values. This again is 
supposed to be due to ionization by collision, but in this case 
the thickness is so small that there are insufficient ions to cause 
breakdown at the previous value (horizontal part of curve), 
and thus the gradient is higher than it would be for thicker 
materials. 

Finally, a place is reached at about 0.2 wu, where the gradient 
is again a constant independent of thickness or temperature 
and having the immense value of 150 million volts per em. 
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. Breakdown here is probably due to actual rupture of the mole- 
cules of the substance. 

So, to summarize, these investigators have shown that there 
are at least three distinct mechanisms of breakdown, and that 
these different mechanisms apply in different cases. 


ELECTRIC STRENGTH OF SOLID AND LIQUID 
DIELECTRICS! 


(Det Mar, Davipson anp Marvin) 
Detroit, Micu., June 24, 1927 


F. M. Clark: I think if you read this paper carefully you 
will come to the conclusion that there is a considerable difference 
of opinion among “reliable experimenters.’’ That is due no 
doubt, to a fact which heretofore has been greatly ignored. Not 
until recently have the chemist and physicist come into agree- 
ment with regard to the structure of the atom. The chemist 
has had his own chemical atom, and the physicist his own 
physical atom. The real reason has been that the physicist 
has entirely neglected the chemist’s problems and the chemist 
has been guilty of neglecting the problems confronting the 
physicist. 5 

The chemist is compelled to recognize two entirely different 
types of material; that is, the organic and the inorganic. The 
molecular structure involved appears to be different for each 
of these classes. ; 

The electrical engineer, however, disregards both the chemist 
and the physicist; he works upon “insulation”? and pays no 
attention as to whether it is organic or inorganic material. I 
think if you go through the paper and pick out the discrepancies, 
you will find one man talking about inorganic matter,—glass or 
the like,—and the other man talking about oiled paper or other 
organic material. 

Another point J want to bring out in the paper is the difficulty 
in handling empirical equations. For example, take the case of 
the time—voltage curve, described on the third and fourth pages. 
Mr. Del Mar points out that the index of the time factor obtained 
by Peek and Montsinger is — 4. Mr. Farmer indicates that it 
ought to be — 7 instead of — 4. Now, we have found that you 
can change that index as you please, by merely changing the 
materials with which you are impregnating the paper, or using 
the same impregnating material and changing the solid. In 
using an empirical formula, therefore, one must be very careful 
to apply it only to those limited cases for which it has been 
already proved. 

Mr. Del Mar asserts that the dielectric strength-thickness 
relation for oil-impregnated paper is 0.72. It ought to be stated 
as 0.72 for mineral-oil-impregnated linen paper. If you go to 
Kraft paper, it is something else. As a matter of fact, we have 
been able to change the strength-thickness relation at will merely 
by changing the type of material with which we are dealing. We 
have gone from a value of 1 to an index point of about 0.58, 
either by changing the solid or the oil. That is brought out in a 
paper to which Mr. Del Mar refers as unpublished. It was 
published by Mr. Montsinger and myself in the General Electric 
Review in 1925. 

There is one other point. It is mentioned that there are two 
classes of breakdown. I should like to add another. The 
mechanical effects leading to electrical breakdown have been 
entirely neglected, except at the bottom of the column. I think 
they are extremely important, especially to the cable engineer 
and operator. , 

I can cite a case. In 1923 at Pittsfield in some of our ap- 
paratus which had seen field service, we found considerable 
wax formation. The problem of the cause of this wax formation 
was turned over to our laboratory. The chemists attacked the 
work, and in a short space of time came to rather definite con- 
clusions regarding its origin,—conclusions which have been quite 
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widely accepted since that time. They claimed the wax was 
nothing but a polymerizing product produced by the action of 
corona on the oil. They concluded that the corona was first, 
the wax being the result and not the cause. Nevertheless, we 
continued the work to determine the possible advantage occur- 
ring from the use of an oil which would not wax easily under 
corona bombardment. We found that if we took oil which did 
not wax easily, or if we used air impregnated paper, and sub- 
jected either of them to corona, we got a mechanical shock and 
the paper disappeared. They told us it was the oxidizing action 
of ozone on the paper. However, we could not find carbon 
dioxide after or during the experiment. We repeated the 
experiment in a hydrogen atmosphere. If we stopped the 
experiments halfway, “‘needle points” were noted, such as Osborn 
described some time ago. Eventually, with a continued test, 
the paper lost its structure and disappeared as a powder. 

Can an oil be produced which will not wax under corona 
bombardment? This problem may not yet have been solved 
to the satisfaction of all. Perhaps such an oil may be eventually 
found, although its existence does not appear probable at present. 
However, suppose such an oil can be prepared, what will be the 
result? We shall then have to consult the paper chemist in 
order to obtain a paper which will not disintegrate under corona. 
In the end, we may reach the surprising viewpoint that wax 
formation in cables is not our worst enemy after all. It at least 
gives us a true indication of the condition of the cable before 
failure. I believe wax formation in cables will be well worth 
the trouble it has caused if it serves to focus attention on the fact 
that, to insure proper service, the cable must be not only properly 
treated at the factory but throughout its entire existence before 
and after installation must be handled in such a way as to prevent 
the formation of voids, gas pockets and “‘dry”’ spots. 

W. A. Del Mar: Mr. Clark’s discussion clearly shows the 
necessity of attacking the insulation problem in a broad. com- 
prehensive way and of avoiding hasty generalizations. Since 
the preparation of our report, several papers on dielectric failure 
have appeared which, we are glad to note, support the main 
conclusions which we reached from the rather meager data 
previously available, such as the existence of two agencies of 
deterioration, neither of which is explained by the Wagner theory 
in its present forms, although a modified form of this theory may 
be expected to explain one of them. 

W.F. Davidson: I think that we can only again emphasize 
the points which Mr. Clark has brought out; the need for clearly 
understanding that about which we are talking, and following 
the thing through with attention to every minute detail. So 
many times after the work is all done we find some essential 
point that might easily have been secured during the progress 
of the work still lacking. Somebody starts out to study the 
pyroelectric theory of material, and when he gets through, he 
finds that the thing has acted in a disruptive way, and that 
evidence bearing on the disruptive failure is quite useless because 
it has been collected in such a haphazard way. 


INSTRUMENTS AND MEASUREMENTS! 
(KNOWLTON) 
Detroit, Micu., JuNE 22, 1927 


i F. A. Brownell: I think it would be in order, at this time, to 
call the attention of the Instruments and Measurements Com- 
mittee to the fact that we have no standard calibration curve for 
sphere-gaps at voltages over 500 kv. 

There seem to be two schools of thought regarding high- 
voltage measurements. One is that sphere-gaps are used to 
ealibrate voltmeters and the other is that voltmeters are used 
to calibrate sphere-gaps. 

Due to the number of high-tension laboratories which we 
have in this country, it would seem as if some action should 
be taken on this subject. 


1. A. I. E. E. Journar, Cctober, 1927, p. 1033. 
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J.T. Tykociner: The Report of the Committee on Instru- 
ments and Measurements gives a very valuable review of recent 
progress made in high-frequency measurements. Radio engi- 
neers may be interested also to know that a method has been 
developed to determine the constants of antennas by means of 
models. The application of the principle of similitude to 
radiating electrical systems leads to simple methods of predeter- 
mining the capacity, inductance, frequency and radiation resis- 
tance of any form of antenna. For this purpose a small model is 
made of the antenna with the surrounding buildings. For the 
excitation of a model m times smaller than the original antenna 
frequencies are used m times higher than would be necessary for 
the original antenna. Satisfactory results were obtained with a 
model coefficient m = 100, the models being excited by short- 
wave transmitters with a frequency 30 to 60 megacyeles. For 
the design of elaborate antenna constructions it may be useful to 
predetermine the constants and to cheek the results of caleu- 
lations by means of such models. The investigation was carried 
out at the Engineering Experiment Station, University of 
Illinois, Urbana and the result published in Bulletin No. 147. 
“Investigation of Antennae by Means of Models.” The appli- 


eation of models for predicting directive characteristics of , 


antennas is discussed in Bulletin No. 161 on ‘‘Short-Wave 
Transmitters and Methods of Tuning.’”’ A brief account of 
this work was given in Science Abstracts, Section B, Vol. 28, 1925, 
p. 468. An illustrated article of the method was published in 
The Hngineer, London, Nov. 12, p. 518-519 and Nov. 19, 
1926, p. 548-549. 


THE ELECTRICAL RESISTIVITY OF INSULATING 
MATERIALS 


Derroit, Micu., June 24, 1927 
(CurtIs) 


F. M. Clark: With regard to Dr. Curtis’ paper, I do want 
to emphasize the type of conduction which he ealls colloidal 
conduction. I think that this is a type which we will have to 
recognize and consider in more detail than we have. When you 
consider that almost. all of our insulations are colloidal in nature 
if not true colloids, you can see the significance of that type of 
conduction. I recognize that colloidal conduction is similar in 
many respects to electrolytic conduction. However, it owes 
its origin to larger charged masses and may occur in mediums 
where electrolytic conduction would be least expected. 

Dr. Curtis discusses the conduction over the surface of solid 
insulators. The effect of water-vapor condensation is cited 
and its importance discussed. Although the author illustrates 
the effect on inorganic materials such as quartz and porcelain, 
it should not be overlooked that conductivity in fibrous materials 
appears to be closely related to the cases given. Our researches 
at Pittsfield have not been entirely completed, but we have 
already obtained considerable evidence that the quantity of 
water contained in an oil-treated paper, while important, is not 
the sole factor determining the a-c. and d-c. conductivity. It 
appears that the effect produced depends very largely on whether 
the water vapor present is absorbed on the surface of the paper 
fibers or whether it be held within the fiber wall. 


USE OF HIGH-FREQUENCY CURRENTS FOR CONTROL! 
(C. A. Boppir) 
Derroit, Micu., JuNE 23, 1927 
Chester Lichtenberg: One thing that is disturbing to the 
designers, as well as the operators, is the high cost of the equip- 
ment required for carrier-current supervisory control. At 
present the cost of wires is large, however, the terminal apparatus 
required for radio supervisory equipment is also large. It is 
therefore necessary to make a quite careful analysis of the 


1, A. I. E. E. Journnat, August 1927, p. 763. 


DISCUSSION AT SUMMER CONVENTION 


Journal A. I. E. E. 


situation béfore a reasonable conclusion can be drawn as to 
whether or not it is cheaper to use supervisory equipment em- 
ploying wires or supervisory equipment using carrier current. 
From some studies which we have made, the wires seem more 
economical for distances up to about 25 mi., beyond that distance 
however, the carrier-current design becomes feasible. 

The ambition of radio engineers seems to be to put super- 
visory equipment on high-tension transmission system. This ig 
a splendid idea. It should be recollected however, that the 
supervisory equipment is most essential during times of stress, 
and such times will most always coincide with high-tension 
transmission-circuit interruptions. Following this idea further, 
it is gratifying to note that the Alabama Power Company instead 
of using its high-tension transmission system, uses insulated 
ground wires. This follows in general the practise of the 
Chicago, South Shore and South Bend Railway Company 
which uses a single wire for the control and indication of eight. 
automatic substations. 

L. H. Junken (communicated after adjournment): A sys- 
tem of street-light control using high frequencies superimposed 
upon the distribution feeders has been developed by the General 
Electric Company in its general development of high-frequency 
control. This system uses a vacuum-tube oscillator for the 
generation of high-frequency power. This oscillator has an 
output of approximately 100 watts and is coupled to the dis- 
tribution feeders on the line side of voltage regulators at the 
substation. The oscillator is built in the form of a switch- 
board panel and is approximately 33 in. wide, 76 in. high and 
15 in. deep. The coupling capacitors used are small due to the 
small amount of control energy required and to the high fre- 
queney used which is about 40 kilocyeles. The coupling capaci- 
tors are permanently installed on each feeder over which control 
is to be sent. The oscillator can then be switched from feeder 
to feeder on the low side of the coupling capacitors by means 
of low-voltage switching equipment. Since the frequency is 
high, the possibility of telephone interference is avoided and 
the presence of voltage regulators between the oscillator and the 
station bus prevents any appreciable amount of energy from 
flowing toward the bus and insures a maximum amount of 
energy flowing toward the feeder. This is a very economical 
arrangement, because it uses very small amounts of control 
energy. 

The receivers are located along the feeders where pole-type 
constant-current transformers are to be controlled. The re- 
ceivers are coupled to the feeder through small coupling capaci- 
tors which can be mounted on the ecrossarm in a way similar to 
that used for mounting lightning arresters. The receivers use 
a single vacuum tube for the detection of the high-frequeney con- 
trol current. This tube is operated at reduced rating and has a 
life of approximately one year. All of the power for the filament, 
erid and plate potentials of the vacuum tube is taken from the 
secondary lines, no batteries or rectifier being required. The 
whole receiver is enclosed in a weather-proof sheet-steel box 
arranged for mounting on a pole. The receiving tube operates 
a d-c. relay in its plate cireuit and this relay in turn operates a 
time-selector relay which controls the position of the switeh in 
the primary of the constant-current transformer. The time- 
selector relay is so arranged that it closes the lighting cireuit on a 
short impulse of control energy and opens the circuit on a longer 
impulse of control energy. The receivers are built to receive 
a suitable band of frequencies and require no tuning or other 
adjustments after their installation. 

_This system of control has been installed in service for street 
lighting in Schenectady and Rochester, N. Y., also Bayonne, 
N. J., for about two years and has given very satisfactory per- 
formance. 

A. H. Kehoe (communicated after adjournment): While 
the author mentions the control of multiple street lighting by 
high-frequency relays, the section of the paper covering applica- 
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tions of street-lighting control deals primarily with series lighting 
circuits. This is probably due to the fact that the multiple type 
of street lamp has not been extensively used in the past except in 
a few large cities. As there are economical advantages to be 
gained by using this type, provided a satisfactory method of 
control exists, it should be emphasized that the principal dis- 
advantage of the multiple type of lighting in the past has been 
the difficulty of control. In the future, comparisons of the 
series vs. multiple systems for street-lighting applications should 
take this development into consideration, as it extends the 
field where multiple street lighting will prove to be the more 
economical of the two types of system. 

H. M. Trueblood (communicated after adjournment): 
Mr. Boddie’s paper and other recent ones along similar lines 
serve to call our attention to the extent of the range of application 
of the carrier-frequency art. It was only about ten years ago 
when ecarrier-frequency telephone and telegraph circuits first 
appeared in the Bell System. Since then we have seen, first, a 
rapid development of carrier frequencies in commercial telephone 
and telegraph cireuits; second, the use of carrier frequencies 
superposed on power transmission lines for the private com- 
munication services of power companies, and we now have the 
announcement of working applications of carrier frequencies for 
control purposes, a field which Mr. Boddie expects will be ex- 
tensively widened. 

In making note of these achievements we do so with the 
satisfaction any electrical engineer must feel in the furthering of 
the applications of electricity to the useful arts. We ought, 
however, to realize that the development and application of 
carrier frequencies along these three lines and others which may 
later appear, need to be carried out with proper regard to the 
possibilities of interference. In the development of com- 
mercial ecarrier-frequeney telephone and telegraph circuits, 
where different systems are carried on the same pole line, engi- 
neers of the Bell Telephone System have been made fully aware 
of the difficulties of the interference problem, which appears here 
as a cross-induction problem more formidable than at voice 
frequencies. Methods which have been used to deal with it 
have included special attention to circuit balance, the suppression 
of the carrier wave itself, the use of a single side band, the 
selection of appropriate power levels, and a system of frequency 
allocations within the frequency range employed. No other 
methods than these appear to be open to us for dealing with the 
problem of induction in commercial communication circuits 
from ecarrier-frequeney circuits as applied for control or com- 
munication purposes in connection with power lines, and the 
most fundamental of these methods at present is undoubtedly 
frequency separation. In fact, unless carrier-frequency circuits 
for communication or control purposes in connection with power- 
circuit operation can be made to approach commercial com- 
munie¢ation circuits as regards balance and energy levels, I 
know of no means of avoiding interference in situations of close 
exposure other than frequency separation. 


There is no serious situation at present as regards interference 
in commercial carrier-frequency communication channels from 
power lines, or any of the carrier-frequency applications used in 
connection with power-system operation, so far as I know. I 
believe that those of us who are working in earrier-frequency 
development in its various aspects should see that this fortunate 
condition continues. It is of interest in this connection to 
refer to the work of one of the project committees organized 
under the Joint Development and Research Subcommittee of 
the N. E. L. A. and Bell Telephone System which has been 
charged with, and is actively pursuing, a study of the problem 
of interference in carrier-frequency channels. 

C. A. Boddie: I fully agree with Mr. Lichtenberg when he 
states that the application of high-frequency currents for control 
purposes is at present limited considerably by the high cost of 
the equipment. It is only on relatively long distances that 
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there is a sufficient saving to justify the use of high-frequency 
currents so far‘as first cost is concerned. A good deal of work is 
being done in an effort to reduce these costs and it is hoped that a 
considerable improvement can be effected. But it is not the 
matter of first cost alone which is the chief consideration and 
stimulus to the use of high-frequency currents. It is rather the 
need of a mechanically more sturdy and more stable circuit than 
is attainable with telephone-line construction. Itis this mechan- 
ical strength which can withstand sleet and storm and flood 
conditions inherent in power-line construction that offers the 
chief inducement to the use of high frequencies on such a line for 
communication and control. 

The type of control described by Mr. Junken using relatively 
high frequencies generated by vacuum tubes is referred to in 
the paper. This type as stated is not suited to the control of 
multiple street lights, because such high frequencies will not pass 
through transformers and because of the size and cost of the 
individual receiving devices, each of which requires a vacuum 
tube and accessories. The system has a legitimate field of 
application for the remote control of regulating transformers for 
series lighting, since for this application relatively few receiving 
devices are required and the size and cost per unit is not a 
serious objection. The control currents are not required to pass 
through transformers as in the case of multiple lighting, but are 
taken off the high-voltage feeder by means of special coupling 
condensers. 

Tam glad Mr. Kehoe has emphasized the fact that the develop- 
ment of the system of control by the use of medium frequencies 
puts a new complexion on the problem of multiple vs. series 
street lighting. As he says the principal obstacle to the use of 
the multiple system has been the difficulty of control. In 
large cities the multiple system of distribution reaches every- 
where. To supply street lights by the series system means a 
system within a system; that is, ‘“duplication.’”’ The economic 
advantages of the multiple system which is universal for every- 
thing except street lighting may now be secured. The medium- 
frequency system of control was developed with special reference 
to the problem of controlling multiple street lights. Although 
as brought out in the paper it can be applied to the control of 
series lighting, its principal field of application is to multiple 
lighting. Perhaps this was not brought out in the paper as 
clearly as it should be. 

With reference to Mr. Trueblood’s discussion on the subject 
of interference, I might state that so far as street-light control is 
concerned he will have little to fear. The development has not 
overlooked the question of interference with existing telephone 
lines. In the first place, the system is worked out so that the 
control frequency is applied to the line only twice a day and this 
is only for a period of several seconds. One of these operating 
periods comes at a time when interference if there should be 
any, would be of little consequence. In the second place, the 
control currents are confined entirely to the metallic conductors 
of the power system and are not permitted to return by way of : 
ground. In the several installations which have been made 
there is no known interference with the telephone system, even 
that in the substation itself being immune. 


A NON-ROTARY REGENERATIVE TELEGRAPH 
REPEATER 


(CONNERY) 
Detroit, Micu., JuNE 238, 1927 


W. C. Peterman: I should like to point out that a type of 
rotary repeater differing from those shown in Figs. 1, 2 and 3 
in Mr. Connery’s paper is shown in Fig. 2 of the paper by 
Herbert Angel!. 

In the type of rotary shown by Mr. Angel, which has been 
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used very successfully by the Western Union on their long 
oeean eable cireuits, the pick-up cireuit is sepafate from the 
locking and sending-on relay cireuit although they are both 
connected to segments on the same segmented rings. Thi 
regenerator gives complete regeneration; that is to say, if an 
impulse is received of sufficient duration to be locked up, the 
regenerated signal is of a definite duration. 

In this respect it is the equivalent of the rotary repeater shown 
in Mr. Connery’s Fig. 3, although it uses but one segmented 
ring and two unbiased relays when regenerating two-current 
signals, which tends for simplification. The repeater as shown 
in Fig. 2, however, is wired for cable Morse three-current 
signals and, therefore, uses four biased relays. 

Herbert Angel: Considerable work has been done by the 
Western Union Telegraph Company with regenerative repeaters 
of both the rotary and non-rotary types, the latter being known 
as the fork regenerative repeater. Opinions differ as to which 
is the more advantageous type to use; each probably has its 
special field. 

In a great many cases it has been found more desirable to use 
the rotary type with segmented rings for leaking off printers. 
Aside from this there is the question of brush transmission in 
one ease and relay contact transmission in the other. It is 
the more general opinion that brush transmission is superior to 
relay contact transmission. For higher speeds the rotary 
type should be more reliable than the fork type as now developed. 

A. F. Connery: Answering Mr. Peterman’s comments, 
the diagrams of the rotary repeaters shown were of course made 
as simple as possible, and on some of them it would be necessary 
to add accessories to make practical repeaters such for ex- 
ample, as locking up the polarized transmitting relays to make 
them less subject to vibration and things hike that. 

We do not make claim for the non-rotary repeater that it 
will send out a better signal than a rotary repeater, but the 
advantage is that it is simpler, and easier to maintain and we 
think that in the hands of the average attendants, the net results 
will be better. 

There are some purposes for which the rotary repeater is 
better; for instance, where we want drop-channel and others cir 
euitslikethem. Whenwewant to getinto complicated circuits itis 
better simply to add segmented rings on the rotary mechanism, 
but on a straightforward regenerative repeater I think there are 
some advantages for the non-rotary repeater. 

Mr. Angel’s comments upon the advantages of brush trans- 
mission over relay transmission are well founded. In fact 
until recently there was a very decided advantage of brush 
transmission over relay, but relays have recently been developed 
with very low transit time; that is, the relays travel from one 
contact to the other at very high speed and means of reducing 
chatter have been developed so that now I think brush trans- 
mission has very little if any advantage over. relay transmission 
and of course there is less maintenance of the relay contacts. 


PRINTING TELEGRAPHS ON NON-LOADED OCEAN 
CABLE 


(ANGEL) 
Derroit, Micu., JUNE 23, 1927 


A. F. Connery: The method of eable signaling, suggested 
by Gulstad in 1898 and which is used in the operation of the 
printing telegraph system described by Mr. Angel, appears to 
be the only method available if the 5-unit 2-element code is to 
attempt to compete with the widely used 3-element unequal 
letter cable code on long cables. The application of this signal- 
ing method to the old-style duplex cables which span the 
Atlantie is no mean achievement, and many difficult and trying 
problems, of which little mention ismadein the paper, must have 
been solved. 

I note Mr. Angel states that the speed of a certain cable was 
increased from 300 to 375 letters per minute. I wonder whether 
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net inerease is meant. My impression has been that the signal- 
ing described in this paper, whereby the single-element impulses 
are attenuated in the cable and are generated locally in the 
receiver, requires a high grade of duplex balanee which is difficult 
to seeure and maintain. It would seem that the time lost in 
adjusting and regulating would be greater than for the older 
methods of transmission. 

A large proportion of the cable traffic at the present time is in 
eode, and each word usually has the same number of letters. 
In a number of codes, each group consists of ten letters. One 
advantage of the well-known 3-element eable code is the ease 
in whieh errors may be detected by the transeribing operator. 
A loss or gain of an impulse due to a change in balanee, lightning 
kiek, improper adjustment of apparatus, ete., at some relay 
station, will either make an unintelligible signal combination or 
will cause a 10-letter word, for example, to become a 9- or 11- 
letter word. In any ease, the error is usually apparent to the 
transcribing operator who ean have the doubtful part of the 
message repeated. 

The 5-unit code does not possess this advantage, and the loss 
or gain of a pulse will cause a wrong letter to be printed in place 
of the proper letter. Each word will have the proper number of 
letters and the receiving operator will be unable to deteet any 
irregularity. 

For plain English traffie the printer on slow-speed eables is 
attractive, but for code traffic it appears to be at a disadvantage 
as compared to the widely used eable eode. 

The foregoing remarks do not apply to the new high-speed 
inductively loaded cables which must be multiplexed to secure 
satisfactory traffic distribution and have no duplex balances 
with which to contend. 


W. A. Houghtaling: Mr. Angel's paper describes printer 
operation on ocean eables in its simple form, that is, sngle-chan- 
nel operation or one printer and transmitter at each terminal of 
the eable. It may not be clearly understood, however, that 
the printer operation is not limited to a single-channel, as by the 
use of a rotary distributor, several channels are possible. In 
fact, two other cables are being operated with four and five 
channels respectively, and still another is operating with two 
channels. 

The cable which is operating as a two-channel cireuit is of the 
same type as that referred to in the paper, while the two which 
provide four and five channels are the loaded type. 

One of the points brought out in Mr. Angel's paper that seems 
to me to be quite interesting is the way he has shown the various 
steps of increased output of a type of cable laid fifty years ago, 
obtained by the use of improved terminal apparatus and im- 
proved operating methods. It would seem that the cable engi- 
neers and cable manufacturers of half a century ago built better 
than they realized. This type of cable has been able to meet the 
ever increasing traffic requirements through all these years by 
means of the terminal improvements mentioned until it is now 
carrying more than five times the amount of traffic it eould 
handle originally. 

W. C. Peterman: The securing of the maximum message- 
carrying capacity of a eable which is the primary object 
of the cable engineer depends both on sending as many cycles 
per second of signaling current as possible over the eable 
and getting the greatest amount of intelligence out of every 
eyele of current. It was pointed out in the paper that as the 
transmitting frequency is increased, the attenuation of the signals 
becomes greater, and at the receiving end of the eable more and 
more amplification of the signals must be used in order to get 
current strong enough to operate the mechanical relays. Of 
course with vacuum-tube amplifiers the amount of amplifi- 
cation possible has been increased vastly over what was pre- 
viously obtainable, but unfortunately it has been found that all 
of the amplification thus possible cannot be used in practise 
because of the presence of electrical disturbanees. These dis- 
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turbances may be either man-made, such as interference from 
nearby power lines or other cable circuits, or from the duplex 
balance of the cable itself; or they may be electrical disturbances 
from apparently natural sources of unknown origin. 

The difficulty of receiving weak signals from distant radio 
broadcasting stations when any considerable amount of static 
is present, no matter how much amplification is available, is 
familiar to everyone. In fact, greater amplification does not 
help at all after a certain point is reached; it only adds to the 
confusion. We have just about the same problem with receiving 
weak signals over a long cable. It thus becomes necessary to 
secure the greatest possible amount of information, as it were, 
from each received impulse, since we cannot increase without 
limit the number of impulses transmitted per second. 

I just wish to emphasize, therefore, in the system described 
by Mr. Angel, and shown in his Fig. 1, that only the impulses 
of one-half the fundamental frequency must be received with 
sufficient strength to be well above the interference level, al- 
though we are getting the full amount of information out of the 
impulses transmitted at the fundamental frequency which 
impulses, by their very absence, because of greater attenuation, 
are caused to be filled in automatically at the receiving end. 
Thus we get the benefit of having to receive through the inter- 
ference only, the comparatively stronger signals of one-half the 
working frequency while getting the full message-carrying 
advantage of the highest frequency impulses. 

Herbert Angel: I should like to say, in reply to the comments 
by Mr. Connery, that the excellent method for increasing the 
speed of cables suggested by Mr. Gulstad in 1898, while quite 
successful for operating comparatively short lengths of cable, 
had never been found practicable to apply to long cables. This 
was pointed out by Messrs. Judd and Davies, of England, in their 
British patent of 1913, in which, for the first time, a method was 
described for filling in attenuated impulses for a synchronous 
system on long cables. The Western Union printing system 
does not use the Gulstad vibrating method for filling in the 
impulses. 

Replying to Mr. Connery’s query about the increased speed 
with printer operation, the output of 375 letters mentioned in 
the paper is a net output. 

In reply to Mr. Connery’s comment about the high-grade 
balance required for cable-printer operation, I should like to 
point out that in getting the 375-letter output which is an in- 
crease over the output obtained with cable Morse code, the 
frequency of the double received impulses is even then less than 
the maximum fundamental frequency when using cable Morse 
code. Therefore the received signaling impulses are larger and 
are better able to stand any slightly greater balance disturbance. 
Further, it has been found by repeated check, that under these 
conditions the cable printer is as accurate as the cable Morse 
code. 


ELECTROMAGNETIC WAVES GUIDED BY PARALLEL 
WIRES! 


(Levin) 
Detroit, Micuicgan, JuNE 23, 1927 


’ L. C. Peterson (communicated after adjournment): In 
connection with some tests planned to determine the inductive 
coupling at the higher frequencies between different wires of a 
system of parallel wires, a theoretical study was made in June 
and July of 1926, based on a paper by Professor Pleijel entitled 
“Current and Voltage Relations in a System of Parallel Con- 
ductors” and given as reference No. 18 in Mr. Levin’s paper. 
In his paper, Professor Pleijel gives a set of linear equations 
eonnecting the terminal currents and voltages of a multi-wire 
line. In the underlying transmission theory, the ground is 
assumed to have infinite conductivity. Mr. Levin states that 
he has demonstrated the validity of Pleijel’s equations, as re- 
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gards their form, when the finite conductivity of the ground is 
taken into account. Such a demonstration is quite unnecessary ; 
indeed, the fact that the equations maintain the same form ir- 
respective of any assumption regarding the ground conductivity, 
or any approximation introduced in the transmission theory, 
follows immediately from the general properties of an n-terminal 
network. The coefficients in Pleijel’s equations (given as 
eq. (20) in Levin’s paper) uniquely specify the system and hold 
for all possible terminal connections of the line wires. They 
offer, therefore, a means of determining the induction in systems 
of parallel conductors. In a limited number of eases, these 
coefficients may be calculated from the dimensions of the system. 
However, calculations being rather laborious, it is advantageous 
to resort to the experimental determinations of the coefficients. 

In a system of n conductors, n (2n + 1) independent coeffi- 
cients will be necessary to define the system completely, but if 
the system is electrically symmetrical around its midpoint, this 
number of independent coefficients is reduced to (nm +1). 
For instance, an unsymmetrical three-phase system is determined 
by 3 (6 +1) = 21 coefficients and a symmetrical three-phase 
system by 3 (3 +1) = 12 coefficients. It is obvious that in 
the general case the determination of n (2 n + 1) coefficients will 
be required and hence, n (2 n + 1) measurements. 

Methods for experimental determination of the coefficients 
b in eq. (20) of Mr. Levin’s paper have been worked out. It 
can readily be shown that all the coefficients are obtainable 
from open- and short-circuit impedance measurements on the 
individual wires or on combinations of these wires. 

S. A. Levin: The validity of Pleijel’s equations for any 
finite value of earth conductivity, eq. (20), can be shown as done 
in the paper of reference (18) provided eqs. (13) and (15) are 
demonstrated for finite conductivity. According to Mr. Peter- 
son, the validity of Pleijel’s equations for any finite value of 
earth conductivity follows from the theory of an n-terminal 
network. It seems to me that the application of this theory to a 
system of parallel conductors also requires that eqs. (13) and (15) 
are demonstrated for finite conductivity. This is the only 
demonstration attempted in my paper. I cannot see, therefore, 
that it contains any unnecessary demonstration whether Pleijel’s 
equations are obtained one way or the other. 


EXTRACTING OIL FROM COAL 


A German concern has recently stated that it has 
entered into an agreement with an American company 
covering patents relating to the processing of oil from 
coal. At the same time, the Minerals Division of the 
Department of Commerce made public a report from 
its Trade Commissioner at Berlin to the effect that 
imports of petroleum products into Germany are 
being received at a record rate. 


One of the chief objectives in the development of 
oil-from-coal-processes in Germany is to obtain freedom 
from dependence on foreign sources for German 
petroleum, which is imported mostly from the United 
States. 


Our Trade Commissioner pointed out that the volume 
of imports this year probably will exceed 1,500,000 
tons, and that the present rate is 300,000 tons annually 
more than last year. It is estimated, he states, that 
only 100,000 tons of synthetic petroleum will be pro- 
duced by the hydrogenation of lignite in 1928, so that 
apparently the synthetic production will not take care 
of the natural increase in demand. 
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132-Ky. Cables and Other Timely Subjects 
for Chicago Meeting, November 28-30 


A wide range of very timely subjects is on the technical pro- 
gram for the Regional Meeting which will be held in Chicago, 
November 28, 29 and 30. 

A symposium on 132-kv. cables recently installed in Chicago 
avd New York will be one of the major features of the program. 

There will be papers also on the operation of interconnected 
systems and equipment employed on them such as alternators, 
frequency changers-and relays. The proper division of load 
among power plants is the subject of a related paper. Another 
group will deal with railroads covering the Illinois Central elec- 
trification, mereury are rectifier experience and storage-battery 
locomotives. Other excellent papers will treat of high-speed 
recorders of electrical conditions, vacuum-tube voltmeters and 
rectifiers, telephone toll plants and reclamation of waste material 
in manufacturing plants. 

A noteworthy part of the meeting will be the Student Con- 
vention held on November 28, at which Students will discuss the 
problems of the District Branches as well as conduct a technical 
session consisting of Student papers. 

A number of interesting inspection trips will be made to the 
numerous central-station and industrial properties which abound 
in Chicago and nearby. 

In addition to the technical features a banquet will be held on 
the evening of Tuesday, November 29. 

The Regional Meeting Committee which is directing the plans 
is as follows: B. G. Jamieson, Chairman; A. G. Dewars, Secre- 
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tary; K. A. Auty, Treasurer; F. H. Riddle, J. T. Rood, W. O. 
Kurtz and H. BE. Wulfing. 

The local committees and their officers are as follows: General 
Committee, B. G. Jamieson, Chairman; H. EH. Wulfing, Vice- 
Chairman; W. O. Kurtz; Papers & Meetings Committee, P. B. 
Juhnke, Chairman; //olel & Registration, Jack Kearns, Chairman; 
Banquet & Hntertainment, C. W. Pendell, Chairman; Trans- 
portation & Inspection Trips, G@. M. Gumm, Chairman; Printing 
& Publicity, F. R. Innes, Chairman; Student Convention, J. ¥. H. 
Douglas, Chairman; C. M. Jansky, Vice-Chairman; Finances, 
K. A. Auty, Chairman. 

The tentative program of the sessions is as follows though 
possibly there will be changes before the final program is de- 
cided upon. 


TENTATIVE PROGRAM OF CHICAGO REGIONAL MEETING 
NovremBnr 28-30, 1927 
Monpay, NovemBer 28 


Devoted to Branch Conferences and Student Technical Sessions. 


Tumspay, NovemBer 29, 9:15 a. m. 


Symposium on 182-Kv. Single-Conductor Lead-Covered Cable. 
a. Introduction, Economics and Commercial Demand, P. 
Torehio, The New, York Hdison Company. 

b. Theory, Design and Development, lL. Emanueli, Societe 
Italiana Pirelli. 

e. Manufacture, Inspection and Testing, W.S. Clark, General 
Hleetrie Company. 

d. Installation, A. H. Kehoe, United Eleetrie Light and 
Power Company; C. H. Shaw and J. B. Noe, The 
New York Edison Company, and D. W. Roper, 
Commonwealth Hdison Company. 


NovemBpr 29, 2:00 p. m. 


Illinois Central Electric Operating Experience, W. M. Vandersluis, 
Illinois Central R. R. 

Operating Hxperience with 126-Ton Storage-Battery Locomotive in 
Chicago Railroad Terminals, Kdward Taylor, General 
Klectrie Company. 

Operating Performance of Rectifiers, Caesar Antoniono, Chicago, 
North Shore and Milwaukee R. R. 

Synchronous Motors for Steel-Mill Operation, W. T. Berkshire, 
General Electric Company. 


Wepnerspay, NovemBer 30, 9:15 a. m. 


The Chicago Regional Power System, KH. C. Williams, Publie 


Service Company of Northern Illinois. 

The Hall High-Speed Recorder, KH. M. Tingley, Commonwealth 
Kdison Company. 

Relay Protection for Interconnected Systems, L. N. Crichton and 
H. HK. Graves, Westinghouse Electric and Manufacturing 
Company. 

Alternator Characteristics Under, Conditions Approaching In- 
stability, J. F. H. Douglas and Edward W. Kane, Marquette 
University. 


NovempBnr 30, 2:00 p. M. 
Reclamation of Waste Materials in the Western Electric Factories, 
C. D. Hart, Western Electric Company. 
Telephone Toll Plant in the Chicago Region, Burke Smith and 
G. B. West, Mlinois Bell Telephone Company. 
The Vacuum-Tube Rectifier, J: H. Kuhlman and J. P. Barton, 
University of Minnesota. 


A T'wo-Range Vacuwm-Tube Voltmeter, C. M. Jansky, Jr., and 
C. B. Feldman, University of Minnesota. 
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Pacifie Coast G@onvention: Del Monte, 
California, September 13-16, 1927 


From a frofessional standpoint, the Sixteenth Annual Pacific 
Coast Convention of the Institute held at Del Monte, Cali- 
fornia, September 13-16, was highly successful. The social 
features also were very enjoyable to the 254 members and guests 
present. 

The technical program contained many high-grade papers on 
important subjects, and their discussion was interesting and 
valuable. Excellent balance was maintained between the 
techrical sessions and other scheduled events. 


StupENT ACTIVITIES 


In accordance with plans made previously by Professor R. W. 
Sorensen, Chairman of the Committee on Student Activities, 
Pacifie District, and the Convention Committee, the opening 
event of the Convention was a luncheon meeting of Student 
Branch Counselors and Chairmen of the District, held on Tues- 
day, September 13th, at 12:30 p.m. Each of the seven Branches 
in the District was represented by its Counselor or other faculty 
members and all Chairmen were present. 

Following the luncheon, a Student Branch Conference and a 
Student Technical Session were held. During the latter, 18 
student papers were presented briefly and discussed. (A more 
complete account of these meetings will be found in the Student 
Activities department of this issue of the JouRNAL). 


OPENING TECHNICAL SESSION 


The first technical session was called to order promptly at 
9:30 a. m. Wednesday, September 14th by Mr. P. M. Downing, 
Chairman of the Convention Committee and retiring Vice- 
President of the Pacific District. After weleoming the members 
and guests to Del Monte, Mr. Downing called upon Mr. D. I. 
Cone, Vice-Chairman of the Convention Committee, and Mr. 
E. A. Crellin, Chairman of the Entertainment Committee, to 
make announcements regarding the various features of the 
Convention. He then introduced President Gherardi who pre- 
sided over the remainder of the session. 

In his opening remarks, President Gherardi mentioned briefly 
certain features of the organization of the Institute, and com- 
mented particularly upon the present provisions for Districts, 
Sections, and Branches to bring Institute activities within a 
reasonable distance of every member in the United States 
and Canada. He said the present organization of the Institute 
appears to be meeting the needs of the country, but that the 
management will always be responsive to any need of changes to 
meet new conditions. 

The following technical program was then presented: 

Advance Planning of the Telephone Toll Plant in Long-distance 
Communication, by J. N. Chamberlin, The Pacific Telephone and 
Telegraph Company. (Presented by the author.) 

Tandem System of Handling Toll Calls in and About Los Angeles, 
by E. Jacobson and F. O. Wheelock, American Telephone and 
Telegraph Company and Southern California Telephone Com- 
pany, respectively. (Presented by F'. O. Wheelock.) 

Discussion of the above two papers was presented by Messrs. 
M. R. Sullivan, R. C. Barton, J. P. Jollyman, B. Gherardi, 
and N. B. Hinson. 

Coupling Capacitors for Carrier-Current Communication over 
Power Lines, by T. A. E. Belt, General Electric Company. 
(Presented by Dr. L. F. Fuller.) 

Carrier-Current Relay Protection, by A. S. Fitzgerald, General 
Electric Company. (Presented by the author.) 

The above two papers were discussed by Messrs. KH. R. Stauf- 
facher and L. F. Fuller, and written discussions by Messrs. Roy 
Wilkins and William Dubilier were received. 


Wepnespay AFTERNOON TECHNICAL SESSION 


Mr. P. M. Downing called the Wednesday afternoon sessiox to 
order and introduced Mr. L. W. W. Morrow, Managing Editor of 
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the Electrical World, who presided. 
presented: 

Relation Between Frequency and Spark-Over Voltage in a Sphere- 
Gap Voltmeter, by L. E. Reukema, University of California. 
(Presented by the author.) Discussion by Messrs. H. J. Ryan, 
R. J. C. Wood, F. O. McMillan, D. I. Cone, and L. E. Reukema. 

The Space Charge that Surrounds a Conductor in Corona, by 
J. S. Carroll and J. T. Lusignan, Jr., Stanford University. 
(Presented by Mr. Lusignan.) Discussion by Messrs. L. F. 
Fuller, H. T. Plumb, J. 8S. Carroll, L. W. W. Morrow, R. J. C. 
Wood, and J. T. Lusignan, Jr. 

Electric Oscillations in the Double-Circuit Transmission Line, 
by Yoshio Satoh, Graduate Student, Stanford University, 
1926-27. (Presented by Dr. F. E. Terman.) Discussion by 
Messrs. R. J. C. Wood, E. R. Stauffacher, R. E. Pierce, D. I. 
Cone, H. T. Plumb, J. P. Jollyman, L. W. W. Morrow, and 
F. E. Terman. 


The following papers were 


TuurRsDAY’s TECHNICAL SESSION 


Mr. H. H. Schoolfield, Vice-President, North West District, 
presided over the session on Thursday morning, and the following 
papers were presented: ; 

Transients’ Due to Short Circuits, by R. J. C. Wood and L. F. 
Hunt, Southern California Edison Company, and S. B. Griscom, 
Westinghouse Hlectric and Manufacturing Company. (Pre- 
sented with slides by Mr. Wood.) 

Equipment for 200-Kv. Systems, by J. P. Jollyman, Pacific 
Gas and Electric Company. (Presented by the author.) 

Discussion of the above two papers was contributed by Messrs. 
F. R. George, H. Michener, P. B. Garrett, A. W. Copley, E. R. 
Stauffacher, R. J. C. Wood and J. P. Jollyman. Written dis- 
cussions by Messrs. 8. Barfoed and Roy Wilkins were read. 


Static Stability Limits and the Intermediate Condenser Station, 
by R. D. Evans and C. F. Wagner, Westinghouse Electric and 
Manufacturing Company. (Presented by Mr. Evans, with 
demonstration by use of mechanical model.) 


Synchronous Condensers, by P. L. Alger, General Electric 
Company. (Presented with slides by the author.) 

The above two papers were discussed by Messrs. F. E. Terman, 
A. W. Copley, R. D. Evans, and P. L. Alger. Written discus- 
sions by Messrs. R. H. Park and M. W. Smith were read. 


Fripay’s TECHNICAL SESSION 


Mr. E. R. Northmore, Vice-President, Pacific District, pre- 
sided at the closing session on Friday morning, and the following 
papers were presented: 


Oscillographic Recording Apparatus for Transmission Lines, 
by J. W. Legg, Westinghouse Electric and Manufacturing 
Company. (Presented with slides and exhibition of equipment 
by the author.) Discussion by Messrs. A. W. Copley, R. D. 
Evans, and J. W. Legg. 

High-Voltage Oil Circuit Breakers for Transmission Lines, 
by Roy Wilkins and E. A, Crellin, Pacific Gas and Electric 
Company. (Presented by Mr. Crellin.) Discussion by Messrs. 
L. C. Williams, R. J. C. Wood, F. C. Lindvall, R. W. Sorensen, 
E. K. Sadler, J. P. Jollyman, and E. A. Crellin. Written dis- 
cussions by Messrs. H. E. Strang, Hilliard, M. M. Samuels, 
W.S. Edsall and Philip Sporn were read or abstracted. 

Lightning Protection for Oil Storage Tanks and Reservoirs, by 
R. W. Sorensen, J. H. Hamilton, and C. D. Hayward, California 
Institute of Technology. (Presented by Professor Sorensen.) 

Lightning Protection for Oil Tanks, by E. R. Schaeffer, Johns- 
Manville, Inc. (Presented with slides by the author.) 

The above two papers were discussed by Messrs. R. J. Reed, 
M. E. Dice, G. O. Wilson, S. S. McKeown, J. T. Lusignan, Jr., 
J. H. Hamilton, C. D. Hayward, R. W. Sorexsen, and E. R. 
Schaeffer. A written discussion submitted by Colonel Wilcox 
was abstracted briefly. 
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GENERAL MEETING 

One of the most interesting features of the Convention was the 
general meeting held Wednesday evening, presided over by 
Mr. P. M. Downing. 

In an address entitled Electrical Communication, Mr. Baneroft 
Gherardi, Vice-President and Chief Engineer, American Tele- 
phone and Telegraph Company, and President of the Institute, 
traced in a most interesting ar d instructive manner early develop- 
ments in communication, and then gave brief accounts of the 
development of trans-continental telephony and trans-Atlantic 
radio-telephony. 

Dr. Harris J. Ryan, Professor of Electrical Engineering, 
Stanford University, and Past-President of the Institute, 
delivered an address entitled Posstbiliites of Future Electrical 
Development. He discussed briefly the most important recent 
developments in electricity and related fields, and then predicted 
future developments in precise measurements by means of 
cathode rays, use of measuring facilities in applying X-rays, 
use of energy from the sun, prediction of location and intensity of 
earthquakes, protection of life and property from lightning, use of 
electricity in agriculture and transportation, power transmission, 
radio broadcasting, carrier-current control systems, navigation, 
ete. 

These two addresses held the attention of the large audience of 
members and guests, and were deeply appreciated by all present, 
as they were delivered in such a manner as to be interesting to 
the ladies as well as to men with extended technical training. 


ENTERTAINMENT FEATURES 


The principal social event of the Convention was the banquet 
held on Thursday evening. Musie was supplied by a hotel 
orchestra, and several Institute members under the leadership 
of Mr. J. S. Thompson, President of the Pacific Electric Manu- 
facturing Company, provided entertainment which was en- 
joyed by all present. Ties which had resulted in the golf tourna- 
ment, held on Thursday afternoon, in the competition for the 
low net, low gross, and kickers’ handicap prizes were decided by 
putting contests conducted by Mr. W. B. Sawyer in the dining 
room during the banquet. The following golf prizes were then 
presented: 

John B. Fisken cup, C. E. Heath. 

Low Gross, Class A, two wooden clubs, G. B. Luther. 

Low Gross, Class B, duffle bag, C. E. Heath. 

Low Net, Class A, golf bag, W. D. Scott. 

Low Net, Class B, set of six matched irons, L. M. Kilgore. 

Kickers’ handicap, first prize, leather golf coat, R. F. Monges. 
Second prize, sweater and hose, A. G. Jones. 

The following prizes were presented to the winners of the ladies’ 


putting contest which was held Thursday afternoon: 

First prize, sweater, Mrs. W. D. Scott. 

Second prize, stockings, Mrs. J. C. Henkle. 

Other entertainment events provided were women’s bridge 
tea at Pebble Beach Lodge on -Tuesday afternoon, 17-mile 
drive on Thursday afternoon, and dancing Tuesday and Thurs- 
day evenings. 

A number of excellent after-convention inspection trips to 
points of engineering interest were available, among which the 
following were suggested: 220 Ky. developments of Pacific Gas 
and Electrie Company and Southern California Edison Company, 
Kings River Development of the San Joaquin Light and Power 
Corporation, substations supplying the San Francisco Bay 
district, Radio Corporation of America transmitting station at 
Bolinas Bay, Federal Telegraph Company factory at Palo Alto, 
Telephone Building at San Francisco, and the Harris J. Ryan 
High Voltage Laboratory at Stanford University. 

At the close of the technical session on Friday morning, a 
motion was adopted expressing the sincere thanks of those present 
for the work of the Convention Committees which had made 
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possible the fine success of the Convention. The personnel of 


the Convention Committees was as follows: 
, CONVENTION COMMITTEES 
P. M. Downing, general chairman. 
D. 1. Cone, vice-chairman. 
A. G@. Jones, secretary. 
Papers Committee 
D. I. Cone, chairman, S. J. Lisberger, Paul Lebenbaum, 
W. C. Heston. 
Publicity Committee 
G. H. Hagar, chairman, G. Ross Henninger. 
Entertainment Committee 
EK. A. Crellin, chairman, W. P. L’Hommedieu, W. B. Sawyer, 
A. V. Thompson, J. S. Thompson. 
Registration and Transportation Committee 
W. L. Winter, chairman, M. S. Barnes, P. B. Garrett, 
C. F. Benham, A. J. Swank, B. D. Dexter. 


Arrangements Commitiee 
W. R. Van Bokkelen, chairman, J. M. Buswell, A. M. Bohnert. 


Future Section Meetings 
Cleveland 

An Engineering Yardstick Applied to Residence Lighting 
Equipment, by Ward Harrison, Director of Illuminating Engi- 
neering, National Lamp Works. Joint meeting with Iuminating 
Engineering Seciety at Nela Sehool of Lighting, Nela Park, 
Cleveland. October 27. 

Auiomatic Train Control, by Frank F. Fowle, Consulting 
Engineer. The meeting will be held in the Electric Rooms, 
Hotel Statler, at 8:00 p. m., November 17. 


Pittsfield 


To the North Pole and Back Again. 
November 1. 


Steam Power Plants, by F. S. Collings. November 15. 
New York 

Radio Broadcasting, by M. H. Aylesworth, President, National 
Broadeasting Co., and 

Radio Broadcasting as @ Public Service, by Admiral W. H. 
Bullard, Chairman, Federal Radio Commission. October 14. 

Talk by Senatore Marconi. Joint meeting with Institute of 
Radio Engineers. October 17. 

Predicting the Future for New York, by Bancroft Gherardi, 
National President, A. I. E. E.; R. H. Shreve, Shreve and Lamb, 
and President, New York Building Congress; C. E. Smith, 
Consulting Engineer; L. S. Miller, President, New York, West- 
chester & Boston Ry. Co.; James S. MeCulloh, President, New 
York Telephone Co., and John W. Lieb, Vice-President and 
General Manager, New York Edison Co. November 4. 

(See further announcement following.) 


by Floyd Bennett. 


New York Section Meetings Planned 

Beginning with the October 14th meeting, which has scheduled 
for its program the subject of Radio Broadcasting, with the 
eminent speakers, M. H. Aylesworth, president of the National 
Broadeasting Company and Admiral W. H. G. Bullard, Chair- 
man of the Federal Radio Corporation, the forthcoming meetings 
of the New York Section of the A. I. E. E. will be of no small 
importance and interest to scientific development. On October 
17th, there will be a joint meeting with the Institute of Radio 
Engineers at which Senatore Marconi himself will be the speaker, 
the subject to be subsequently announced. This will be followed 
on November 4th by a meeting “‘predicting the future of New 
York,” addressed by President Gherardi, on The Probable Growth 
of New York City; R. H. Shreve, President of the New York 
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Building Congress on Architectural Requirements and Building 
Service; C. E. Smith, Consulting Engineer, on Urban Transporta- 
tion; L. S. Miller, President of the New York, Westchester & 
Boston Ry. Co. on Suburban Transportation; James 8. McCulloh, 
President of the New York Telephone Company on Telephone 
Service; and John W. Lieb, President and General Manager of 
the New York Edison Company on Light and Power Service. 
The December 2nd meeting will have for its subject Research and 
Research Men, with Dr. W. R. Whitney, Director of the General 
Electric Research Laboratory and C. F. Kettering, General 
Director of the General Motors Research Laboratory as speakers. 
On January 13th, Alex Dow, President of the Detroit Edison 
Company will discuss matters concerning Utility Interconnections 
and Past-President Farley Osgood will address the meeting on 
Interconnections of New York-Philadelphia Territory. The dates 
of February 13 to 17 will be occupied by the activities of the 
Winter Convention of the Institute, followed on March 22nd 
by a meeting of the New York Section with the subject of 
Lightning and Lightning Protection, addressed by F. W. Peek, Jr. 


International Radio Convention in October 


The invitation of the United States Government to participate 
in the International Radio Telegraph Conference has been ac- 
cepted by 50 of the 57 companies which have been invited. The 
conference will be held in Washington beginning October 4, 
according to an announcement issued Sept. 13 from the head- 
quarters of the conference which have been established under 
the joint auspices of the Departments of State and Commerce. 
It is planned to bring up to date the international treaty agree- 
ment covering the use of radio. 

The importance of this Conference has been repeatedly 
pointed out by the Secretary of Commerce, Herbert Hoover, 
who is head of the American delegation appointed by the 
President. 


The I. E. C. Conference at Bellagio 


The meeting of the International Electrotechnical Commission 
held at Bellagio, Italy, was opened September 4 by President 
Guido Semenza, followed by addresses by Prof. L. Lombardi, 
President of the Italian Committee, the Mayor of Bellagio, and 
representatives of two Italian ministries. Twenty-one countries 
were represented by 250 delegates, twenty-one of whom were 
Americans. There were 13 committees; three, headed by 
American delegates, on Nomenclature, Rating of Rivers, and 
Prime Movers. C. H. Sharp, C. E. Skinner and John Murphy 
(of Canada) were designated chairmen of committee sessions. 
Experts’ pepers on prime movers and switch rating were pre- 
sented on Monday, Sept. 5. The Committee on Electric Meters 
completed its work and recommended the further study of 
problems relating to meter accuracy, insulation tests, and sizes, 
but no definite action was taken regarding the matter. The 
meeting of the Committee on Rating of Electrical Machinery 
was largely attended but no conclusions were reached. In- 
sulating Oils, Voltages, and International Vocabulary Com- 
mittees held interesting discussions. 

The Conference completed sessions Sept. 12, the Americans 
presenting a bust of Benjamin Franklin to the Italian National 
Committee at a banquet held Sept. 10. The Advisory Com- 
mittees completed their work and submitted reports to the Com- 
mittee of Action, which were finally acted upon at a plenary 
meeting held at Rome Sept. 22. The Committee of Action met 
Sept. 12 and elected Prof. C. Feldmann, of Delft, Holland, 
President; Lt.-Col. K. Edgcumbe, Honorary Secretary; Guido 
Semenza, Honorary President. Sir Richard Glazebrook, Gen- 
eral Secretary, resigned. The next meeting will be held at 
Stockholm in 1930. At a meeting of the officers of the I. E. C., 
Grand Reseau, Union Producers and Distributors, World 
Power Conference, International Tramway Union, Comite 
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Consutative Int. Tel. & Tel., it was agreed to recommend the 
formation of a coordinating committee to meet at infrequent 
intervals to coordinate data and prevent overlapping of effort, 
the I. E. C. to function as a clearing house, since all of these 
bodies recognize the I. E. C. as the authoritative body for inter- 
national electrical standardization. At a meeting presided 
over by A. F. Enstrom, of Sweden, the international standardi- 
zation movement was informally discussed. A meeting of the 
Committee of Seven may be held in London the end of November 
1927, such meeting being made necessary by the illness and resig- 
nation of Sir Archibald Denny. No further action in this 
matter will be required, however, on the part of the I. E. C. 
A new I. E. C. Advisory Committee was formed as follows: 
Electrical Installations on Shipboard; Secretariat, Great Britain. 
Other secretariats were assigned as follows: Italy, Voltages; 
France, Traction Equipment; Great Britain, Rating of Electrical 
Machinery. The United States was asked to subdivide the work 
of the Committee on Prime Movers into Thermal and Hydraulic. 
A large number of ladies was present at the official dinner to 
the delegates, given by the Italian Committee, at which addresses 
were delivered by Prof. L. Lombardi, Dr. A. E. Kennelly, Mr. 
John Murphy, Dr. Tivvey, of Australia, Mrs. C. H. Sharp and 
Madam Guido Semenza. 


International Commission on [llumina- 
tion Also Meets at Bellagio 


The International Commission on Iumination met at Bellagio, 
August 31—September 3. Ten countries were represented by 
67 delegates, of which seven were Americans. There were ten 
sessions, and forty-five papers on the subjects Automobile 
Headlighting, Factory Lighting, Photometric Methods, and 
International Definitions. Nine new technical committees 
were formed including those to discuss Diffusing Glassware, 
Signal Lenses, Daylight Motion Picture, Street Lighting, and 
Glare Research. Dr. Hyde, President since 1921, resigned, and 
C. C. Patterson, Director Research Laboratory at Wembley, 
England was appointed to succeed him. The next meeting 
will be held, United States, September 1928. 


A 23-Day Midwinter Cruise 


Our sister society, the American Institute of Mining and 
Metallurgical Engineers, is arranging for a midwinter cruise in 
the West Indies, leaving New York on January 25, 1928, on the 
28,000-ton steamship Lapland and returning February 19, 
after visiting Havana, Kingston, the Panama Canal, Curacao, 
with a side trip to the oil fields of Venezuela, Puerto Cabello, 
La Guayra, and Bermuda. The cruise is specifically under the 
auspices of the Petroleum Division, but it may be found possible 
to offer some A. I. E. E. members opportunity to participate 
in this delightful 23-day midwinter cruise, (the cost of which 
will be from.$250 up, according to accommodations desired). 

Anyone interested will immediately notify Dr. H. Foster Bain, 
Secretary of the American Institute of Mining and Metallurgical 
Engineers, since, in the event of its being found possible to 
accept bookings from others, the first to register will be the first 
to be enrolled. F 


Annual Convention of Uluminating 
Engineers 


The twenty-first annual convention of the Illuminating 
Engineers, to be held in Chicago October 11-14, inclusive, will be 
replete with features of scientific, commercial and practical 
interest. John F. Gilchrist, vice-president of the Commonwealth 
Edison Company, will give the address of welcome and there will 
be many Institute members represented on the program following. 
H. H. Higbie, Professor of Electrical Engineering at the Uni- 
versity of Michigan, will deliver his president’s address upon 
the morning of the opening day; Mr. Preston S. Millar will 
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report on his committee’s work for the year on street lighting 
and, directed by G. H. Stickney, there will be a symposium on 
office lighting. Photometry and the photoelectric cell will be 
ably discussed as will also the lighting of railroad yards, 
airports and airways. Abundant provision will be made for 
the entertainment of visiting ladies. 


Conference on Engineering Materials 


From October 22 to November 13, a conference on engineering 
materials will be held in Berlin. The sponsors of this convention 
are the scientific engineering associations of Germany and the 
program will include approximately 200 papers delivered by both 
scientists and practical engineers. The papers will be given at 
the Technical University of Charlottenburg, while an exhibit of 
engineering materials will be arranged in the Neue Ausstellung- 
shalle on the Kaiserdamm. Three distinct groups of engineering 
materials will be displayed; iron and steel, non-ferrous metals, and 
electrical insulation. Much of interest to the electrical profes- 
sion will be included in the program of this convention. 


Some Salient Facts About the National 
Safety Council 


The National Safety Council, which held its sixteenth 
annual convention in Chicago, Sept. 26-30, is a non-profit making, 
non-partisan organization, whose purpose is the promotion of 
safety, sanitation and health in the industrial, public and home 
life of the American people. It is financed by its members, 
4368 corporations, companies, partnerships, public officials, 
educators, organizations and individuals interested in the con- 
servation of life, limb and property. It is the parent body of 
some sixty affiliated community safety councils scattered 
throughcut the nation. Its officers and 1000 committeemen 
serve without financial compensation, meeting regularly to 
determine its policies and program. The organization serves as 
a national clearing house of accident prevention information, 
maintaining its headquarters at 108 E. Ohio St., Chicago, where 
a staff of more than 78 employees devote all of their time to 
safety work. 

The first safety congress was held at Milwaukee, 1912, and a 
formal organization meeting was held in New York City in 1913, 
when the body was originally started as the National Council for 
Industrial Safety, a name which was changed inasmuch as the 
scope of the council broadened to include safety on the streets 
and highways, in other public places, at home, on the sea and 
in the air. 

The first president was Robert W. Campbell, attorney for the 
Illinois Steel Company, a son-in-law of the late Judge HE. H. 
Gary, who was one of the early safety leaders. 

- The first secretary was William H. Cameron, who is still with 
the organization, now serving aS managing director. It was 
Mr Cameron who opened an office with only a handful of mem- 
bers and a few hundred dollars in cash. Last year the council 
spent more than $600,000 in its perpetual safety campaign and 
its affiliated units expended a similar amount. 

The first congress held in Chicago was in 1914. 

It is the contention of the council that practically all accidents, 
irrespective of where they occur, can be prevented through in- 
telligent, organized safety work. 


Industrial Bodies Join the A. E. S. C. 


The Portland Cement Association and the American Gear 


Manufacturers Association have become members of the Ameri- — 


can Engineering Standards Committee, with direct representa- 
tion on the Main and Executive Committees. F. W. Kelley, 
(Associate of the Institute since 1905), President of the North 
American Cement Association, represents the Association as a 
member of the A. E. 8. C. Executive Committee. 

A sectional committee is to be organized for the preparation 
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of national specifications for mercury are rectifiers, which 
work will include definitions, service conditions, load limitations, 
power factor, heating, short-circuit limitations, dielectric tests, 
insulation resistance, voltage regulation, efficiency and rating. 
It is undertaken as the result of requests of the American Railway 
Association and the American Institute of Electrical Engineers, 
the latter serving as sponsor for the sectional committee. 

Standard values for the electrical and related constants of 
hard drawn aluminum conductors have recently been approved 
by the A. E. 8. C. The standard was drawn up by a sectional 
committee under the sponsorship of the Institute, the subject 
being one which has been considered by the International 
Electrotechnical Commission as a basis of international agree- 
ment along the lines of the well-known ‘‘copper standards.” 
The American standard for the conductivity of aluminum is 
appreciably higher than used in some of the foreign countries. 

The following matters have, been referred by the A. E. S. C. 
to its Electrical Advisory Committee for investigation and recom- 
mendations: 1. Rotating Machinery Standards. 2. Safety 
Code for Electrical Power Control—the subcommittee suggest- 
ing (a) That the A. H. S. C. request the sectional committees to 
provision five standards for the Electrical Safety Conference 
relating to such installation features as are acceptable and not 
already incorporated in the respective codes. (b) That the 
A. E. 8. C. request the Underwriters Laboratories to give due 
consideration to each of these five standards with a view to 
incorporating in the Electrical Safety Code such as are appro- 
priate to new standards of Underwriters Laboratories. (¢c) That 
the A. EK. 8. C. be instructed to advise the American Institute of 
Hlectrical Engineers and the National Electrical Manufacturers 
Association of the desirability of keeping in mind these particular 
standards of the Conference. 3. The approval of Rating 
Paragraphs of the A. I. E. H. standard No. 9 on Induc- 
tion Motors and Induction Machines in General. 4. Electric 
Are and Resistance Welding Apparatus, and the question of 
sponsorship for standards on these subjects. 

The Hlectrical Advisory Committee is composed at present 
of two representatives each of the American Institute of Electrical 
Engineers, the Electric Light and Power group and the National 
Electric Manufacturers Association; and one representative 
each of the American Electric Railway Association, the American 
Railway Association, the American Society for Testing Materials, 
the Fire Protection group, the U. S. Bureau of Standards, the 
U.S. Navy Department and the U. S. War Department. 

Provision has been made for including other industrial or 
technical organizations desiring representation. 
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ENGINEERING RESEARCH 

The word ‘‘research’”’ is in danger of becoming an invidious 
term. At one extreme, it is being cheapened, like the word 
“engineer,” by use as an artificial stimulant of unworthy causes— 
a too-common abuse nowadays in the exploitation of high- 
sounding words by self-seeking interests. At the other extreme, 
there is danger of what might be called research snobbery— 
a pose assumed by pedantic formalists who assert that only their 
kind of research is ‘‘pure.’’ No less an authority than the- 
president of Columbia University has stated that the word 
“research” is being used to cover a multitude of sins. He 
referred to members of a university who go through pretentious 
motions and glean little pepperkernels of insignificant fact in 
order to make much to-do over trivialities. 

Some professors of chemistry or biology throughout the coun- 
try would deny that there is such a thing as ‘‘engineering re- 
search.”’ These pure scientists cherish a false pride of caste 
and an almost religious prejudice against anything associated 
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with that they call ‘‘trade.’”’ To them, so gross and commercial 
- an application as engineering could never be associated with so 
sacred a word as “‘research.’’ Their convictions are so closely 
wrapped up with self-aggrandizement and what the preacher 
ealls ‘“‘vanity of vanities” that there is not much hope that they 
will broaden their views until the sense of the ridiculous over- 
takes them. Happily, but few scientists continue to harbor 
such convictions. Cooperation between scientists and engineers 
has become intimate and mutually helpful. 

Engineering research has fairly well crystallized out as a 
legitimate and meritorious activity. It has passed through its 
period of adolescence and nose-to-the-grindstone, and is now on a 
scientific and objective basis. Mercenary considerations have 
been mellowed by altruism and a professional spirit—much as is 
medical research, for a concrete analogy An engineer experi- 
menting scientifically in a research laboratory on the properties 
of metals is just as truly serving mankind and alleviating its 
problems as any bacteriologist in the Rockefeller Institute, and 
is just as truly disclosing laws of nature as any professor of 
ehemistry who applies Gibbs’ phase-rule to an untried combina- 
tion of elements. 

Much engineering research is done of course, for commercial 
profit, more or less directly. A corporation such as the General 
Electric Company cannot afford to engage a Langmuir or a 
Steinmetz unless there is some indirect advantage in prospect. 
But an increasing number of industrial corporations are taking a 
long, broad view of what constitutes profit. Still more detached 
and altruistic is the research work of such an institution as the 
Engineering Foundation. 

This Foundation was the creation of Ambrose Swasey, 
eminent engineer, telescope builder and machine-tool maker of 
Cleveland, with the aid of friends in the engineering societies. 
Having gained a fortune in engineering, Mr. Swasey determined 
to benefit his profession in a lasting and idealistic way. Instead 
of establishing a foundation which would bear his name but to 
which contributions of other philanthropists would be un- 
attracted, he devised the happier plan of placing funds in charge 
of the four founder engineering societies in order to encourage 
and elevate engineering research of a kind not otherwise likely 
to be carried on. This generous gift to establish the Engineer- 
ing Foundation was intended as the beginning of a trust for the 
country’s engineering community—a trust which would grow 
to great size by additions from other persons interested in, or 
profiting by, engineering. And who does not profit by 
engineering? 

P. B. McDonatp. 


A New Pamphlet on the Testing of 
Insulation Materials 


The American Society for Testing Materials has recently 
issued a special reprint pamphlet covering methods for testing 
insulating materials. This pamphlet covers all such methods 
prepared by Committee D-9, as well as the annual report of the 
committee presented at the June meeting of the Society, French 
Lick, Ind. In addition to the Standards and Tentative Standards 
now in force, there is included as an appendix to the report a 
description of the latest method of making the life test of trans- 
former oils. The pamphlet contains 130 pages, and is now 
available for distribution at the following rates: 1 to 9 copies, 
80 cents; 10 to 24 copies, 70 cents; 25 copies and over, 65 cents. 
Address American Society for Testing Materials, 1315 Spruce 
Street, Philadelphia, Pa. 


Overhead Systems Reference Book 
The Overhead Systems Reference Book of 1927 has been 
published by the National Electric Light Association and was 
prepared by a special committee of the Overhead Systems 
Committee of the National Engineering Section of that associa- 
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tion. This work is successor to the handbook on overhead line 
construction which was published in 1914. As stated in the 
preface, the purpose of this reference book is to present in one 
volume a description of the apparatus, material, methods and 
principles involved in overhead line construction and the tabu- 
lation of necessary formulas for the electric and mechanical 
solution of various transmission and distribution problems. 

The book is issued as engineering information and is not to 
be considered as a book of rules and regulations nor an attempt 
to create standards or specifications to govern construction 
methods. The formulas and data presented have been taken 
from authoritative sources and it is believed they will prove a 
valuable aid in the solution of specific problems. 

The contents include an extensive list of definitions and general 
information and the following chapters: Wood Poles, Preserva- 
tive Treatment and Concrete Poles; Steel Poles, Towers and 
Substation Structures; Properties of Materials; Insulators; 
Transformers and Regulators; Protective Apparatus; Street 
Lighting; Hlectrical Calculations; Mechanical Calculations of 
Transmission and Distribution Lines; Methods of Construction 
for Low and Medium Voltage Lines; Meteorological Data, Tree 
Trimming and General Safety Suggestions. 

The book is highly illustrated and contains a comprehensive 
index. It is 84% by 11 inches in size, bound in flexible leather 
with gilt edges and rounded corners and contains a wealth of 
information which otherwise would be-available only by consult- 
ing scattered literature through a great number of publications. 


New Bulletin to be Issued by U. S. 
Forest Service 


The United States Forest Service has in press a bulletin entitled 
Forests and Water in the Light of Scientific Investigation, which 
contains ‘‘a summary and review of the world’s scientific litera- 
ture on the subject of the influence of forests on climate, stream- 
flow, floods, and erosion,”’ and ‘‘a very extensive bibliography on 
these subjects.”’ The contents of this bwWletin, which is approxi- 
mately 70 pages in length, were published several years ago as 
part of the Final Report of the National Waterways Commission, 
and are now being made available in convenient form as a result 
of the demand for information on flood contro] problems. 

Copies of the bulletin may be secured by addressing the 
Forest Service, Washington, D. C. 


The Industrial Transition in Japan 


Maurice Holland, Director of the Division of Engineering and 
Industrial Research of the National Research Council, has just 
brought out a small edition de luxe giving in condense form a 
report of his investigation of the industrial situation in Japan 
while attending the Pan Pacific Science Congress as a representa- 
tive of the United States Government, the National Research 
Council, and other national bodies. The book is of pocket size, 
and contains 52 pages of printed matter descriptive of pearl 
culture, Japanese fisheries, Japanese industrial research, civil 
aviation in Japan, the silk industry, general impressions and con- 
clusions and an industrial map of Japan in interesting though 
concise form. Mr. Holland’s work is sponsored by the Japan 
Society as well as the Research Council. The book is available 
through the publishers, the Federal Printing Company, New 
WAS IN| 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi- 
cate with the Secretary at 33 West 39th St., New York, N. Y. 

All members are urged to notify the Institute Headquarters 
promptly of any changes in mailing or business address, thus 
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relieving the member of needless annoyance, assuring the prompt 
delivery of Insitute mail, accuracy of our mailing records, and 
the elimination of unnecessary expense for postage and clerical 
work. 

Frank Green, 984 Charles River Rd., Cambridge, Mass. 
Raymond W. Klotz, Cutler Hammer Mfg. Co., Milwaukee, Wis. 
F. W. Molitor, General Delivery, Los Angeles, Calif. 

Richard T. Quass, 610 Cornell St., Perth Amboy, N. J. 

Thomas Sheehan, 2126 Vyse Ave. at 1S8ist. St., New York, N. Y. 
KE. R. Shepard, 5522 Conneticut Ave., Washington, D. C. 
Joseph F. Smith, The L. E. Myers Co., Chieago, Il. 

Richard A. Towers, 455 Lafayette Place, Culver City, Calif. 
P. A. Bertrand, Grays Harbor Ry. & Lt. Co., Aberdeen, Wash. 
Hiram Stanley Fox, 33 Gordon Ave., Atlanta, Ga. 

George A. Grimm, 3501 S. Crawford Ave., Chicago, Ill. 

Geo. J. Hollander, 547 S. Main St., Torrington, Conn. 

Perry L. Jewett, 5th & Washington Sts., Santa Rosa, Calif. 
Charles W. Magee, 72 Humphrey Ave., Bayonne, N. J. 


= =e 


Victor W. Sparr, S830 Railroad Ave., Corona, N. Y. 


PERSONAL MENTION 
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W. E. Norvu is now with the Volunteer Portland Cement Co. 
in the capacity of mechanical and electrical engineer for the 
building of its new Cement Plant at Knoxville, Tenn. 

J. M. Hrprie, who was manager of the Westinghouse Electric 
& Mfg. Company's Motor Engineering Department takes charge 
as works manager with the promotion of Mr. Wilson. 

J. B. Bassett of the New York office of the General Electric 
Company has been named Executive Engineer of its New York 
District. 

T. F. Barton of the Central Station Engineering Department 
of the General Electric Company at Schenectady, has been 
made engineer of the New York District, with headquarters 
at 120 Broadway, New York. 

R. L. Witson until recently works manager of the East 
Pittsburgh Works of the Westinghouse Electric & Manufac- 
turing Company is now assistant to the vice-president and general 
manager. 

Aurrep ALSAKER, Chief engineer of the Delta-Star Electrie 
Company, Chicago, Ill., sailed September 11 for a six-weeks’ 
visit to Norway, France, and Italy, to investigate the high- 
voltage developments on the Continent. 

H. ZAnGueER, electrical engineer of the Burma Oil Company 
is now engineer and superintendent of the Tropical Oil Co. at 
its El Centre (Columbia) field, which has been in existence only 
afew years. He will remain in this service for two years. 

E. A. THoRNwWELL has been appointed Representative of 
the Corning Glass Works, with headquarters in the Candler 
Building, Atlanta, Ga., to handle only the sales of Pyrex 
Power Insulators in the States of Georgia, Florida and Tennessee. 

Grorce N. Brown, formerly vice-president and sales manager 
of the Pittsburgh Transformer Company, has joined the Ohio 
Brass Company as Manager High Tension Sales. Until the 
World War Mr. Brown was with the New York State Railways. 

Ropert A. Miciikan, executive head of the California 
Institute of Technology, Pasadena, Calif., and Director of the 
Norman Bridge Laboratory, on September 6, 1927 received the 
honorary degree of Doctor of Science from Leeds University, 
Leeds, England. 

James R. Wertdu, is now head of the Power Bureau of the 
Florida Power & Light of Miami. Major Werth previously 
served in the Construction Division of the Army and with the 
H. M. Byllesby and the American Gas & Electric properties. 

Dorar W. Buakesteer, for the past eight years electrical 
engineer of the Jones & Laughlin Steel Corporation, Pittsburgh 
Pa., is now illuminating engineer for the Pittsburgh Reflector 
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Co. Capt. Blakeslee has had 17 years’ experience with civil, 
mechanical, and electrical experience. 

J. M. Oxniver, formerly operating engineer of the Alabama 
Power Company, has become operating manager of the Georgia 
Power Company, taking over the work previously handled by 
Mr. Bennett. Before becoming operating engineer Mr. Oliver 
served in almost every department of that company. 

R. H. Goopwitire, manager of the Otis Elevator Company, 
Yonkers, was elected treasurer of the National Electric Manu- 
faeturers Association by the Executive Committee. Mr. 
Goodwillie succeeds J. W. Perry, who has resigned from active 
business. 

Cant E. Jonnson, vice-president of the U. S. Electrical Mfg. 
Co. and president of the U. 8S. Industries, Inc., of Los Angeles, 
has resigned, disposing of bis holdings in both companies. He 
has been an officer and director since their inception, and for 
over twenty years has been intimately identified with the elec- 
trical manufacturing industry of Southern California. 

Grvuserre Facciour has been appointed associate manager of 
the Pittsfield Works of the General Electric Company. Since 
his arrival in the country 25 years ago, Mr. Faccioli has pro- 
gressed steadily, much of his early training was acquired through 
his association with William Stanley. He is a natural born . 
leader and untiring in his endeavors to stimulate interest in the 
profession. 

Gorpon THompson has been made assistant chief engineer 
at the Electrical Testing Laboratories, having recently returned 
from China where he spent seven years as professor of electrical 
engineering at Nanyang University, Shanghai. During that 
time he also acted as consulting engineer for the Mission Archi- 
tects’ Bureau of that city. Mr. Thompson was engineer in 
charge of electrical laboratories at the Electrical Testing Labora- 
tories for ten years before going to China. 

C. E. Bennett, former manager of the Electrical Department 
of the Georgia Railway & Power Company has now become 
general engineer in charge of the Engineering Department. 
Mr. Bennett has been with the company for over 15 years and 
his engineering achievements parallel the development of the 
company. He was electrical engineer for the construction of 
the company’s first hydroelectric development, the Tallulah 
Falls power plant, and was also engineer in charge of the Tallulah 
high-voltage and the Newman and Lindale transmission lines. 
He designed the Boulevard, the Spring Street, Walton Street, 
Edgewood Avenue, Stewart Avenue and Moreland Avenue 
Substations. 


Obituary 


Frederick Ludwig Baer, who joined the Institute in 1907, 
died in Chieago the evening of September 6th, as the result of an 
automobile accident. He was born in Wilkes Barre, Pa., in 
1880, and was a graduate of Notre Dame University, Notre 
Dame, Ind., after a preparatory course at Mt. St. Mary’s 
College, Emmittsburg, Md. For many years he has been with 
the Automatie Electric Company as assistant chief engineer. 
Just prior to joining the Institute he was appointed superinten- 
dent in charge of equipment for all exchanges in and near San 
Francisco operated by the Home Telephone Company. In 
all of his endeavors, he was counted an extremely worthy 
worker. At the time of his death he was chief engineer of the 
International Telephone Sales and Engineering Corp., Chicago. 

Frank Forrester Thompson, Professor of Electrical Engi- 
neering at Rutgers College, died at Lewiston, Pa., aftera fall 
from the window of the Coleman Hotel. He was in his 57th 
year. His native town was Milroy, Pa., not far from Lewiston, — 
and he was the son of the Rev. and Mrs. Samuel Thompson. 
In 1894 he graduated from Princeton and was from 1897 to 1898 
Instructor in Physies at Union College. From 1898 to 1901 
he was at Pennsylvania State College as Instructor in Electrical 
Engineering, entering upon his service as Instructor in Electrical 
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Engineering at Rutgers University in 1903. In 1906 he became 
Assistant Professor of Physics, in which capacity he served until 
1908, when he was chosen Professor of Electrical Engineering. 
Professor Thompson became an Associate of the Institute in 1909. 
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SECTION MEETINGS 
Portland 


Boat trip with various other engineering societies in Portland, 
under the auspices of Oregon Technical Council. August 2. 


3 
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STUDENT ACTIVITIES AT PACIFIC COAST CONVENTION 

The first afternoon of the Pacific Coast Convention, held at 
Del Monte, Calif., September 13-16, was devoted to student 
activities in accordance with plans made previously by Professor 
R. W. Sorensen, Chairman of the Committee on Student Ac- 
tivities of the Pacific District, and the Convention Committee. 

A luncheon meeting of Student Branch Counselors and 
Chairmen was held at 12:30 p. m. Of the seven Branches in 
the District, five were represented by their Counselors, and 
faculty representatives of the other two were present. 
Branch Chairmen were present. 

Immediately after the luncheon, a Conference on Student 
Activities was held. Professor R. W. Sorensen presided. He 
requested each of the Counselors and Branch Chairmen to stand 
and announce his name and his Branch affiliation. Mr. P. M. 
Downing, Chairman of the Convention Committee and retiring 
Vice-President, Pacific District, and Mr. E. R. Northmore, 
Vice-President, Pacific District, were introduced and addressed 
the audience briefly. Mr. D. I. Cone, Vice-Chairman of the 
Convention Committee, and retiring Chairman of the San 
Francisco Section, weleomed the members and guests on behalf 
of the Section. He then read a letter from Dr. C. EK. Magnusson 
who expressed his regrets that he was unable to be present, and 
gave an excellent summary of the advantages to be gained by 
students through such connections with the Institute. 

President Gherardi said the students of today will form the 
backbone of the electrical engineering profession of tomorrow, 
and said the provision for Student Branches is very beneficial 
to the students and to the Institute. 

National Secretary Hutchinson gave a brief summary of the 
development by the Institute of plans for meeting its duties 
to the students, and mentioned the recent changes in policy 
which provide for the appointment of a Counselor of each 
Branch, the organization of District Committees on Student 
Activities, and the publication of a Student Activities depart- 
ment in the JouRNAL. 

At the request of Chairman Sorensen, Professor T. H. Morgan, 
Counselor of the Stanford University Branch, gave a brief 
report upon the Student Convention held at Stanford January 
14, 1927, in which three Branches participated. 


In reply to a question regarding the Student Activities depart- 
ment in the Journat, Assistant National Secretary Henline 
explained that this department had been inaugurated in the 
January 1927 issue in order to provide a definite location in the 
Journat for items on the activities of Branches, Counselors, and 
District Committees as well as other items of interest in this 
field and some of the worthier student papers. This plan has 
been carried out in an experimental manner, without any 
specific appropriation, in order to gain experience which will 
assist in the development of a definite policy for the future. 

The Student Technical Session followed immediately after 


INSTITUTE AND RELATED ACTIVITIES 


All’ 


1139 
Saskatchewan 
Dinner Meeting in honor of Bancroft Gherardi, National Presi- 
dent, A.J. E. E. August 18. Attendance 80. 
Spokane 


Business Meeting. The following officers were elected: Chair- 


man, Gamble; Vice-Chairman, Joseph Wimmer; 
Secretary-Treasurer, James B. Fisken. May 27. Atten- 
dance 15. 


Vancouver 


The Development of Modern Communication, by Bancroft Gher- 
ardi, National President, A. I. E. E. Reception. August 23. 
Attendance 47. 
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A. I. E. E. Student Activities 
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the close of the general conference, and the following papers were 
presented briefly: 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


A Method of Measuring Extremely High Resistances and Some 
Results Obtained with Porcelain Suspension Insulators, by 
Frey Hamburger. (Presented by Mr. W. A. Lewis.) 

Wiring at the California Institute of Technology, by L. G. 
Fenner. (Presented by Mr. J. W. Thatcher.) 

Production of High Vacuua, by R. S. Thacker. 
by the author.) 

Some Recent Experiments With the Vacuum Switch, by F. C. 
Lindvall. (Presented by the author.) 

Some Factors Affecting Flashover Voltage of Insulators, by 
W.A. Lewis. (Presented by the author.) 


(Presented 


STANFORD UNIVERSITY 


Harmonic Phase Orientation, by R. D. Boynton and A. VY. 
Pering. (Presented by A. V. Pering.) 

The High-Voltage Oscillator, by Bradley Cozzens. 
by the author.) 

High-Voltage Phenomena in the Atmosphere, by M. A. Liss- 
man. (Presented by Mr. J. T. Lusignan, Jr.) 

Super-Regeneration, by George Hulstede. 
Dr. F. EK. Terman.) 

Tuned Power Lines, by Hugh Skilling. 
author.) 


(Presented 


(Presented by 


(Presented by the 


STaTE COLLEGE OF WASHINGTON 


by: teak 
(Not presented, as no one from this institution was 


The Evolution of the Thermionic Vacuum Tube, 
Meahl. 
present.) 

UNIVERSITY OF CALIFORNIA 


Design of an Electromagnetic Absorption Dynamometer, by 
Daniel Silverman and T. L. Mayes. (Presented by Mr. 


- Silverman.) 


UNIVERSITY OF SOUTHERN CALIFORNIA 
Tests of a 9875 Kw. Water-Wheel Generator, by James Hendry. 
(Presented by the author.) 


Tests of a New Type of Constant-Current Regulator, by Turner 
White and A. E. Sayler. (Presented by Mr. White.) 


UNIVERSITY OF UTAH 
Power Factor Characteristics of the Fynn-Weichsel Motor, by 
V. S. Thomander and O. C. Haycock. (Presented by Mr. 
F. W. Maxstadt, California Institute of Technology.) 


UNIVERSITY OF WASHINGTON 
A Table of B'-* and n B'S and an Alignment Diagram for the 
Graphical Solution of the Steinmetz Equation for Hysteresis Loss, 
by H. J. Seot®. (Presented by Mr. C. M. Briggs.) 
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The World's Largest Automatic Hydro-Electric Station, Con- 
structed for the Pulp and Paper Industry, by W. L. Thraillkall 
and R. H. Crosby. (Presented by Mx. C. M. Briggs.) 

The Five Hundred Mile Line with Distributed 
Synchronous Condensers. by C. M. Briggs. (Presented by the 
author.) 
ry Mimeographed abstracts of the above papers were distributed 
prior to presentation. Authors were allowed ten minutes for 
the presentation and discussion of cach paper. Some time was 
allowed for general discussion of each paper, and most of them 
were discussed briefly. The session was very Interesting to 
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both students and practising engineers. 


INSTITUTE AND RELATED ACTIVITIES 


Engineering Societies Library 


ve urtenn eden YERRNCOUAUULALEUYRUANLRURYEAUAYERLUTEULUYEGLANLREUQEREULLYLUUEELUUCULEY DUO LUPRU HE ETERS eRe RARE PCC HRRER NCHA AERC CHEAT CUUT REVEL CUCU EY CEU EATUL TUT DOT ET CEREAL UL PELE eR EE RECUR ECU TE EUR TRC CCU LCT 


Journal A. I. EK. E. 


At a meeting of the Counselors held later, Professor Philip 
S. Biegler, University of Southern California, was elected 
Chairman of the District Committee on Student Activities, and 
Professor T. H. Morgan of Stanford University was elected 
Secretary. 


BRANCH MEETINGS 
' University of California 
Business Meeting. August 24. Attendance 34. 


Ko-a. and Demand Metering, by W. N. Lindblad, Pacifie Gas 
and Eleetrie Co. September 7. Attendance 65. 
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The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in tts field. 
ninth St., New York. 


It is adminstered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it-in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, ts charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what ts desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to & p. m. 


BOOK NOTICES AUG. 1-31, 1927 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

THEORY OF MACHINES. 

By Louis Toft and A. T. J. Kersey. 

Pitman & Sons, 1927. (Engineering degree series). 


— 


illus., diagrs.,9x6in., cloth. $3.75. 


Lond.:& N. Y., Isaae 
408 pp., 


This textbook on the theory of machines covers the course 
required of engineering students in English universities. Stress 
is laid upon fundamental principles and a large number of exam- 
ples illustrating their practical application are provided. 

SrupiEs In Optics. 

By A. A. Michelson. Chicago, Univ. of Chieago Press, 1927. 
(Science Series). 176 pp., illus., plates, 8x5 in., cloth. $2.00. 

A resumé of Dr. Michelson’s own investigations, treated some- 
what as in ‘“‘Light Waves and Their Uses,”’ but with more atten- 
tion to the theoretical side and with the inclusion of a number of 
investigations made since that book was published. Although 
the work deseribed involves a general acquaintance with the 
calculus, it is so presented that those without it can obtain a fair 
knowledge of the experimental method and the results obtained. 

The book brings together material that has hitherto been 
available only in scattered articles and presents it concisely with 
as little technical detail as possible. It will be of interest to 
educated laymen, as well as to specialists. 

SPECTROSCOPY, V. 2. 

By E. C. C. Baly. 
& ~Co., 1927. 
illus., tables, 9 x 6 in., cloth. 


qreen 
Pp., 


N. Y., Longmans, 
398 


ord edition. 
(Textbooks of physical chemistry). 
$6.00. 4 


Since the first volume of this edition appeared in 1924, the 
advance in spectroscopy has been so rapid that Professor Baly 
has found it necessary to expand the work to four volumes, 
instead of the two originally planned. The present volume gives 
an account of interferometer methods, with chapters on methods 
of illumination, the nature of spectra, fluorescence and phos- 
phoreseence, and the photography of the spectrum. It is dis- 
tinguished by its attention to detail in deseribing the technique 
of spectroscopy and by its comprehensiveness. 

PressuRE AIRSHIPS. 
N.Y 
31i 


By Thomas L. Blakemore and W. Watters Pagon. 
Ronald Press Co., 1927. (Ronald Aeronautic Library). 
pp., illus., diagrs., tables, 9x 6 in., cloth. $8.00. 

Discusses the design and construction of airships in which the 
shape of the envelope is maintained by the pressure of the gas 
in it. Mr. Blakemore is responsible for the section upon non- 
rigid airships, Mr. Pagon for that upon semi-rigid types. 

Kach section considers the general characteristics of the air- 
ships, describes the various types, explains the design and con- 
struction of hulls, suspensions, controls, cars and other parts. 
Erection, inflation and rigging are described, and many technical 
data are given. The book aims to provide the information 
wanted by students, engineers, designers and builders. It is 
based upon the practical experience of the authors. 

Net I° Cenrenario Dutta Morte pr ALESSANDRO VouLTa, 
1827-1927. Special no. of L’Energia Elettrica, issued by 
Unione Nazionale Industrie Elettriche. [Milan, 1927]. 
327 pp., illus., 12x 9in., paper. Price not quoted. 

In commemoration of the centenary of Volta, a special number 
of ‘‘L’ Energia Elettrica’’ has been issued under the auspices of 
the Unione Nazionale Fascista Industrie Elettriche. The 
memorial is an attractive volume containing photographs of an 
original voltaic pile, of Volta’s residences, and of a painting of 
Volta. The text comprises twenty-one papers by prominent 
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Italian electricians, among which are reviews of Volta’s scientific 
work, of electrostatics during the past one hundred and fifty 
years, and of developments in the various branches of the science. 


Memorres et Raprorts Trecuniquns, No. 5. By Institut 
National Roumain pour l’Etude de l’Aménagement et de 
l’Utilisation des Sources d’ Energie. 

Considerations sur l’Auto-Excilation des Alternateurs 
Branchés aux Lignes de Haute Tension. By Georges Petresco. 
Bucharest, 1927. 29 pp., diagrs., 9x6 in., paper. Price not 
quoted. 

This paper, presented at the recent International High- 
Tension Conference, is a contribution upon the problem of the 
self-excitation of alternators connected to high-tensions lines. 
The nature of the phenomenon is explained, a detailed method 
is given for determining its effect in adyance, and its dangers 
are discussed. 


Memorres rv Rapports TEecuniqurs, No.2 and 4. By In- 
stitut National Romain pourl’ Etude del’ Aménagement et de 
l’Utilisation des Sources d’Energie. No. 2, Puissances 
Réactives et Fictives: No. 4, Les Différentes Opinions 
et Conceptions Concernant la Notion de Puissance Réactive 
en Régime non Sinusoidal. 

By C. Budeanu. Bucharest, 1927. 
diagrs., 9 x 6 in., paper. 
not quoted. 


No. 2, 360 pp., illus., 
No. 4, 47 pp., 11 x 9in., paper. Prices 


Number two is an extensive study of reactive power from a 
theoretical and practical viewpoint. The general properties of 
the apparent and reactive quantities in electric circuits are 
treated theoretically, the effects of reactive power are discussed 
and methods of remedying the effects are described. Methods 
of metering power which take account of reactive power are 
discussed. Both sinusoidal and non-sinusoidal currents are 
considered. The author endeavors to reconcile varying opinion 
and to arrive at uniform general principles in concepts of various 
aspects of the problem. 

Number four is a pamphlet summarizing the various concepts 
of reactive power in non-sinusoidal currents which have been 
formulated by various prominent electricians, accompanied by 
those of the author. 


LUBRICATION AND LUBRICANTS. 

By Leonard Archbutt and R. Mountford Deeley. Fifth 
edition. Lond., Charles Griffin & Co.; Phila., J. B. Lippincott 
Co., 1927. 650 pp., illus., tables, 9x 6in., cloth. 36s. 

This treatise upon lubricants has long been a standard and 
is too well known to need an introduction. This edition, the 
first revision since 1912, has been largely rewritten and rearranged, 
in the light of recent investigations. A general theory of solid 
friction is now presented, much new matter on the theory of 
viscous lubrication has been incorporated, and the chapters on 
lubricants and their examination have been thoroughly revised 
and enlarged. The chapter on frictional testing of lubricants 
has been rewritten. The information on lubricators and on the 
design of bearings has been much expanded. A chapter on the 
recovery of lubricating oil has been added. 


Diz KoNDENSATWIRTSCHAFT. 

By Hans Balcke. Min. u. Ber., R. Oldenbourg, 1927. 
pp., illus., diagrs., 9x 6in., paper. 10,-r. m. 

The condenser, as viewed by Dr. Balcke, is no longer merely 
an apparatus for precipitating waste steam under certain con- 
ditions but instead is today also a valuable apparatus for pre- 
paring feed-water and a preheating plant for all purposes. Con- 
denser engineering begins at the exhaust of the engine and ends 
only with the injection of prepared, heated feed-water into the 
boiler. 

This book discusses condenser practise in stationary steam 
plants as a self-contained department of heat engineering. 
It assists the power-plant engineer to evaluate his plant from the 
viewpoint of heat economy and to utilize waste heat to the fullest 
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degree. It takes up the various units of the power-plant, points 
out the losses of heat and energy in each and shows how to avoid 
or utilize them. It teaches that condensation practise is in fact 
a special branch of chemical technology and pleads for considera- 
tion of its problems from a modern point of view. 

HEATING AND VENTILATING. 

By Charles L. Hubbard, revised by Wm. H. Severns. Chic., 
American Technical Society, 1927. 230 pp., illus., tables, 9x6 
in., cloth. $3.00. 

An elementary practical textbook on the design and construc- 
tion of heating and ventilating plants. 

ANLASSVORGANGE IN ABGESCHRECKTEN KOHLENSTOFFSTAHLEN. 

By L. Traeger. (Forschungsarbeiten auf dem Gebiete des 
Ingenieurwesens, Heft 294) Berlin, V. D. I. Verlag, 1927. 20 
pp., illus., diagrs., 12 x 9in., paper. 3,80-r. m. 

In this pamphlet the changes in length of hardened carbon 
steels during annealing are investigated and compared with the 
changes in other of their properties. The various methods of 
research are described, their results discussed critically and 
an explanation of the process of annealing given. This is not, 
according to the author, in a gradual decomposition of the 
martensite, but consists of three transformations at definite 
temperatures, each accompanied by changes in length, structure, 
electrical resistance, solubility and strength. These trans- 
formations are explained and methods for determining the proper 
temperature and time in annealing practise are given. 

DRAFTING FOR ENGINEERS. 

By Carl Lars Svensen. N. Y., D. Van Nostrand Co., 1927. 
363 pp., illus., diagrs., tables, 9x 6in., cloth. $2.75. 

A comprehensive textbook which covers not only general 
methods and fundamental principles but also provides material 
for special study of architectural, structural and electrical 
drafting. Over 300 problems are included. 

EXPERIMENTAL ELECTRICAL ENGINEERING, V. 2. 

By V. Karapetoff. 3rd edition. N. Y., John Wiley & Sons, 
1927. 620 pp., diagrs.,9x6in., cloth. $5.00. 

This second volume of Professor Karapetoft’s text on labora- 
tory practise is intended for more advanced students than was the 
first. Some chapters of it are sequels to the more elementary 
treatments of certain topics in volume one, others are introduced 
for the first time here. 

Among the subjects included are various tests of synchronous 
and induction machines, transmission and distribution lines, 
polyphase systems, controllers, and mercury-vapor and ther- 
mioni¢ rectifiers, as well as methods for wave analysis and high 
frequency measurements. The book is primarily for the stu- 
dent, and the educational usefulness of the methods is kept in 
view, without, however, lessening the value for the practising 
engineer. . References for further study are supplied liberally. 
FOREMANSHIP AND SUPERVISION. 

By Frank Cushman. N. Y., John Wiley & Sons, 1927. 
pp., illus., 8 x 5in., cloth. $2.50. 

The author discusses the value of the conference as a means of 
education, the methods of holding conferences, the duties and 
qualifications of those leading them, and the results that may be 
expected. The use of conferences to train foremen and to train 
teachers and supervisors of vocational education is illustrated 
in detail. 

GENERAL Puysics. 

By Henry Crew. 4th edition. N. Y., Macmillan Co., 1927. 
674 pp., illus., diagrs., 9x6 in., cloth. $4.00. 

The author’s purpose is the presentation, in an elementary 
manner, of the facts that are most essential for presentation to 
first-year and second-year college students, with the philosophy 
which most simply connects them. The book is a clearly written 
text-book, in which the attention of the student is held by the 
way in which the principles are illustrated by phenomena with 
which he is familiar. The revision has incorporated the results 
of recent discoveries in physics. 
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INSTITUTE AND RELATED ACTIVITIES 


POR 1 POET PH HA RCH OO ERE TT CTU DEL HOReROOEE ROE PEON HH A2HT 


Journal A. I. KE. E. 


EU oa 


Kngineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —88 West 389th St., New York, N. Y..—W. V. Brown, Manager. 
58 West Jackson Bluv’de., Room 1736, Chicago, Ill., A. K. Krauser, Manager. 


ny 
57 


MEN AVAILABLE. 


requests received after an interval of one month. 
period of three months and are renewable wpon request. 


Post St., San Francisco, Calif., N. D. Cook, Manager. 


Brief announcements will be published without charge but will not be repeated except upon 
Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $3 per quarter,.or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of 82000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above will 
it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key nwmber indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 
ELECTRICAL DESIGN ENGINEER, with 
mature judgment, for manufacturer of X-ray and 
medical apparatus. Must be thoroughly compe- 
tent to undertake basic new design work in this 
field and must have originaiity and _ sufficient 


executive ability to get things done. Oppor- 
tunity. Salary, about $3600 a year to start. 
Apply by letter. X%-3403-C. 


MEN AVAILABLE 


GRADUATE ELECTRICAL ENGINEER, 
24, holding B. 8S. in E. E., and S. M. in E. E. 
(M. I. T. 1926), including graduate work in elec- 
tric traction, railway engineering and public 
utility administration, desires permanent connec- 
tion, preferably in heavy electric traction field. 
Experience includes fourteen months shop and 
design work with electrified railroad. Highest 
references. Salary commensurate with training 
and ability. Employed at present, but available 
on short notice. C-3462. 

ELECTRICAL DESIGNER, 27, single, ten 
years’ experience in design of central stations, sub- 
stations (high and low tension), railway substa- 
tions and overhead and underground distribution 


systems. Desires position with public utility. 
Location immaterial. Available on two weeks’ 
notice. B-8628. 


SALES ENGINEER, 43, married, sales work, 
mechanical or electrical, in New York or West- 
chester County. O-557. 

EXECUTIVE ENGINEER, 32, married, 
mechanical engineer graduate, twelve years’ 
diversified work industrial plants, large and small. 
Experienced in design, manufacturing, construc- 
tion and management. Now staff member of 
prominent consulting and management engineer- 
ing corporation. Desires position in East not 
requiring traveling. C-43. 

RADIO ENGINEER, desires radio technical 
position or perhaps sales in radio, 22, single. 
Varied experience in radio testing, construction of 
test boards, experience in general wiring and repair 
work, experience in engineering research at 
technical school. New York City, vicinity 
Southern New England, Eastern New York 
preferable, or elsewhere. C-3300. 


ELECTRICAL ENGINEER, E. E., ten years, 
experience in the design and manufacture of elec- 
trical apparatus. Age 34. Now employed, but 
would like to make a change. Licensed in New 
York State. C-3498. 

ASSISTANT EXECUTIVE, PRODUCTION 
ENGINEER OR MANAGER, eleven years 
constructive record in mechanical and electrical 
engineering and management; experienced on 
accounting and production, including plant 
planning, layout, production control, budgeting, 
wage incentives, cost reduction. Technically 
trained, interested in business and management. 
Capable of reorganizing or managing operations 
efficiently and economically. Age 32, married. 
B-9676. 


JUNIOR ELECTRICAL ENGINEER, gradu- 
ate in E. E. from large university, desires perma- 
nent position with public utility or manufacturing 
company dealing in electrical material. Age 22, 
graduated in 1926, G. E. test course, specializing 
in motors, transformers and street lighting equip- 
ment. Willing to travel, prefer location on 
Pacific Coast. Available at once. C-3320-77- 
C-3. 

GRADUATE ELECTRICAL ENGINEER, 
desires position as superintendent of construction 
or maintenance engineer in large operating com- 
pany. ‘Two years General Electric test, two years 
assistant superintendent in large manufacturing 
plant, fourteen years erecting engineer supervising 
large electrical construction work both in United 
States and foreign countries. Desires permanent 
location, C-3483. 


ELECTRICAL ENGINEER, age 28, married, 
B. S. in E. E., and EB, E., five years’ experience 
test supervision with public utility, one year’s 
experience teaching. Editor, executive, statis- 
tician, organizer. Desires position with industrial 
organization. C-1346. 

JUNIOR DISTRIBUTION ENGINEER, 27, 
good technical and business training, seven years 
public utility field construction, operation, inspec- 
tion and distribution. Experienced in three phase 
change over and other reconstruction work. 
Location immaterial. Available on two weeks’ 
notice. C-3516. 


ELECTRICAL ENGINEERING GRADU- 
ATE, 25 years old, Associate Member of 
A. I. E. E., three years’ experience with engineer- 
ing and jndustrial motor control problems in the 
sales and engineering departments of a large manu- 
facturing company. Desires position with a grow- 
ing contracting, manufacturing, public utility, or 
other concern handling electrical equipment. 
Location, United States. C-3530. 

MECHANICAL AND ELECTRICAL ENGI- 
NEER, Cornell graduate, 18 years’ experience, 
including efficiency engineering for large industrial 
(paper mill) along steam and power production 
lines; combustion studies, boiler-house rehabilita- 
tion, etc. Industrial power sales engineer for 
utility. Prior to foregoing, supervision electrical 
installations for large electrical manufacturer 
while stationed in Eastern city. B-6764. 

ELECTRICAL ENGINEERING GRADU- 
ATE, 1925, B. S. in Electrical Engineering, 27, 
one year G. E. test and one year distribution engi- 
neering experience with large, western public 
utility, also had experience meter department. 
Desires permanent position with public utility. 
Can furnish best of references. Location, im- 
material. C-3536. 

ELECTRICAL ENGINEER, A. I. E. E., 27, 
married, graduate electrical engineer, four years’ 
engineering experience; one year design and layout 
of substations; three years general engineering 
work in electrical engineering department of big 
public utility, including construction, system 
operation; desires new connection with contract- 
ing, managing or holding company or utility. 
Location preferred, Eastern States, preferably 
New York City. O-3534. 

ELECTRICAL ENGINEER, technical gradu- 
ate, Westinghouse test, over three years’ experi- 
ence in power stations, age 29, married. Desires 
position as Electrical Inspector, Hydro Plant 
Engineer or System Relay Engineer. B-8367. 

GRADUATE ELECTRICAL ENGINEER, 
desires position with public utility, consulting 
engineer or with bank, where organizing and execu- 
tive, as well as engineering ability is required. 
G. E. Test, four years with public utility, five with 
consulting engineering firm. Thoroughly famil- 
ira with valuation and engineering work. B-389. 


Oct. 1927 


GRADUATE ENGINEER, B. S. in E. E. in electric shovels, mine equipment, locomotives and 
1924, 27, single, with wide technical training, two mill equipment. Available 3 months. Location 
years public utility appraisal work. Businessand U. S. A. or foreign. Speak Spanish. Invite 
executive ability. Desires position as assistant to correspondence. C-3549. 
executive i ‘ili uri siness 

in utility or manufacturing business, or RECENT GRADUATE, B. S., (E.E.),M.L.T. 


in consulting engineering office. Very much P zi ze ‘a 
interested in developmental and experimental kok eae ig ses apa pio 4 enon 
either in business, engineering, or teaching field. 


work on processes or patents. B-9528. Gacd) habit a t ‘enti Teme 

ELECTRICAL ENGINEER, TEST, OPER- a ne es sae ‘a AS pee a a 

ATINGCCONSTRUGUION, 83 maried: Syearas | .. nvallaple Ie 
mediately. C-3550. 


laboratory, research, testing of electrical measur- 
ing apparatus, relays and watt hour meters. YOUNG MAN, 29, electrical engineer, M. A. in 
Have 5 years’ varied experience in estimating, physics, 4 years teaching, 1 year research experi- 
designing and constructing of sub-stations and ence, would like teaching or research position with 
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GRADUATE ELECTRICAL ENGINEER, 
27, single, five years of experience in transmission 
and substation construction in the West, eight 
months in industrial plants. Desires position 
along engineering lines, and opportunity for 
permanent employment. Available one month. 
Location anywhere. C-3564-78-C-3. 


ELECTRICAL ENGINEER, Cornell gradu- 
ate, 25, single, two years training in distribution 
department and power plants of large public 
utility. Desires position with a utility or manu- 
facturing company of moderate size located in 
South or West in power sales or sales engineering. 


power plants, the operation of sub-stations, future. Salary no object. B-3411. C-3565. 
Feeteetatahieldden A et 
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ASSOCIATES ELECTED GRANT, ELMER GORDON, Chief Electrician, MONTVILLE, HAROLD HURST, Electrical 
SEPTEMBER 19, 1927 Nashwaak Pulp & Paper Co., Fairville, Estimator & Engineer, Greer Electrical 
AEMMER, FREDERICK, 49 Hemenway St., N.B., Can. Construction Co., 125 E. 46th St., New 

Boston, Mass. ~ GRAY, JOHN C., President, Gray Electric Co., York, N. Y. 

Inc., 627 Jones St., Detroit, Mich. MORELAND, LESTER DUANE, Resident 


ANDERSON, HERBERT O., Sales Engineer, 
Rockbestos Products Corp., 265 Nicoll St., 
New Haven, Conn. 

BARRATT, SIDNEY EDGAR, Production 
Engineer, Metropolitan-Vickers Australia 
Pty. Ltd., Auburn, N. S. W., Aust. 

BEERBOWER, HAROLD RICHARD, Sub- 
station Operator, Consumers Power Co., 
524 State St., Saginaw, Mich. 

BORCH, HENRIK JONATHAN, Testing Dept., 
B. M. T., 500 Kent Ave., Brooklyn, N. Y. 

BORTON, JESSE THOMAS, Supervisor, Elec- 
tric Plant Sales, Kohler Co., 32nd & Oxford 
Sts., Philadelphia, Pa.; res., Glassboro, N. J. 

BRUCE, JAMES MALCOLM, Electrical Engi- 
neer, Queensland Irrigation Commission, 
Adelaide St., Brisbane, Queensland, Aust. 

BUSBY, ARTHUR H. W., Electrician, Consoli- 
dated Mining & Smelting Co., Trail, B. C., 
Can. 


GUCKEL, CHARLES HENRY, Laboratory 
Tester, United Electric Light & Power Co., 
514 W. 147th St., New York; res., Elmhurst, 
INDY: 

*HAMILTON, JULIUS GILLESPIE, Electrical 
Engineer, Power Engineering Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh, Pa. 

HANSON, ELBERT TREAT, Electrician, First 
Class, Stone & Webster, Havre de Grace, 
Md.;res., Philadelphia, Pa. 

HIRSH, DANIEL, Electrical Engineer, Graven 
& Mayger, 180 N. Michigan Ave., Chicago, 
Tl. 

IYER, P. NATESA, Assistant Engineer, Hydro- 
electric Surveys, Chepauk, Madras, India. 

JAYNE, GEORGE EDMUND, Equipment 
Engineer’s Assistant, Mountain States Tel. 
& Tel. Co., 800 14th St., Denver, Colo. 

JOHNS, GEORGE J., Testing Dept., Union Gas 


CAMPFIELD, LOUIS MIRAULT, Draftsman, & Electric Co., Cincinnati, Ohio. 
Circuit Breaker Dept., Westinghouse Elec. JONES, GOMER, Chief Engineer, Hedley 
& Mfg. Co., East Pittsburgh, Pa. Gold Mining Co., Ltd., Hedley, B. C., Can. 
COBERG, KNUD CARL, General Electric Co.. KERN, EUGENE AUGUSTIA, Tester, United 
Bldg. 44, Schenectady, N. Y. Electric Light & Power Co., New York, N. Y. 
DAMM, GEORGE JOHN, Radio Service, KEY, EDMUND FRANCIS, Electrical Opera- 
Jebens Hardware Co., 107 Western Ave., tor, British Columbia Electric Railway Co., 
Blue Island, Jl. Ltd., Lake Buntzen, B. C., Can. 


DAVISON, WILLIAM JOHN M., Davison KLIPSCH, PAUL WILBUR, Student Engineer, 
Engineering Co., Apartado 118, Orizaba, Testing Dept., General Electric Co., Schenec- 
Ver., Mex. tady, N.Y. 


DIVITO, ANTHONY ALBERT, 104 S. 3rd St., 
Harrison, N. J. 


DOLDER, ALEXANDER JULIUS, Stone & 


KNIERIEM, PAUL HENRY, Electrical Tester 
& Inspector, Duquesne Light Co., 620 
Braddock Ave., Braddock; res., Pittsburgh, 


Webster, Inc., Boston, Mass. Pa; 

DUBS, FORD HARVEY, Assistant System KNOWLES, DEWEY DEFOREST, Research 
Operator, Toledo Edison Co., Acme St., Engineer, Westinghouse Elec. & Mfg. Co., 
Toledo, Ohio. East Pittsburgh; res., Wilkinsburg, Pa. 

EPSTEIN, SOLOMON, Foreman, Repair Dept. -KURMAN, NATHAN A., Engineer, Herald 
A-One Electric Co., 691 Atlantic Ave., anes oe Inc., 29 East End Ave., New 

ork, = 0 


Brooklyn, N. Y. 
ROMUALD PHILIPPE, District LAFFSA, ARTHUR E., Analysist & Accoun- 
Inspector of Electricity & Gas, Trade & tant Engineer, Barker & Wheeler, 90 West 
Commerce Dept., Dominion Government, St., New York, N.Y. 
Custom House, Prince William St., St. John, ],AKE, ALLAN F., Vice-President, Lake Manu- 
N. B., Can. facturing Co., Inc., 1723 Poplar Street, 
GARRATT, JOSEPH F. G., Power Plant Inspec- Oakland, Calif. 


pee Liga = acl ae Construc- 7 awB, HENRY LINCOLN, Assistant Electrical 
BO Oh NOR SY ee Engineer, Electricity Dept., Municipal Coun- 
GILCREASE, EDWARD EMMET, Tester, cil, Town Hall, Sydney, N. 8. W., Aust. 


Moloney Electric Co., 7th & Hickory Sts., : 
: LEVAN, JAMES D., Research Engineer, Cutler- 


St. Louis, Mo. H Mfe. Co.. Milwaukee, Wi 
GRANT, CHARLES, Inspector Electricity & Re aA a ad pen cad 
LYNCH, EDWARD, Meter Dept., General 


Gas, Dominion Government, Customs House, 
St. John, N. B., Can. Electric Co., West Lynn Works, Lynn, Mass. 


FORTIN, 


Engineer, Phoenix Utility Co.; Florida Power 
& Light Co. Sarasota, Fla. 

NACHMANT, AMMIHUD, 1421 Madison Ave., 
New York, N. Y. 

NUEZEL, ELMER FREDERICK, Assistant 
Engineer, Columbia Engineering & Manage- 
ment Corp., 314-316 W. 4th St., Cincinnati, 
Ohio. 

PAGET, ALAN LENOX. Student Engineer, 
General Electric Co., Schenectady, N. Y. 

PATON, RUSSELL EDGAR, Laboratory, Leeds 
& Northrup Co., 4901 Stenton Ave., Phila- 
delphia; res., Fort Washington, Pa. 

PEET, HARRY D., Jr., Electrical Engineer, 
Kentucky Electric Development Co., 822 
Marion E. Taylor Bldg., Louisville, Ky. 


PIERRE, GERALD JOHN, Primary Inspector, 


Detroit Edison Co., Room 817-2000 Second 
Ave., Detroit, Mich. 

RECK, JOHN ELLSWORTH, Supervisor, Line 
& Meter Dept., Piqua Dist., Dayton Power 
& Light Co., Piqua, Ohio. 

RICHARDSON, RALPH GORDON, Assistant 
Electrical Engineer, New Zealand Coopera- 


tive Dairy Association, Hamilton; res., 
Frankton Junction, N. Z. 
SANTSCHI, ARTHUR EDWIN, Electrical 


Heating Engineer, Western Electric Co., 
Hawthorne Sta., Chicago, Ill. 


SIMONDS, KENNETH CLEAVES, Chief 
Draftsman, Chief Clerk, Western Div. Engg. 
Office, Florida Power & Light Co., 207 S. 
Kentucky Ave., Lakeland, Fla. 


TERRY, WALTER S., Technical Employee, 
Long Lines Dept., American Tel. & Tel. Co., 
15 Dey St., New York, N. Y. 

TRACY, EDWIN S., Jr., President, Electrical 
Engineering Co., Inc., 42 Aberdeen Place, 
St. Louis, Mo. and Dade City, Fla. 


WALDHORST, FRANK, Greenridge Court, 
White Plains, N. Y. 

WEATHERWAX, OLUSTEE KENNETH, 
Sales Engineer, Pierce Electric Co., 418 
N. W. 6th St., Miami, Fla. 


WERNER, FRANK, Tester, Moloney Electric 
Co., 7th & Hickory Sts., St. Louis, Mo. 
WHITE, ROBERT M., Experimental Engineer, 
Sperry Gyroscope Co., Manhattan Bridge 

Plaza, Brooklyn, N. Y. 

WUNDERLICH, NORMAN E., Chief Engineer, 
Neutrowound Radio Mfg. Co., Homewood; 
res., Chicago, Ill. 

YAMAMOTO, KENKICHI, In charge of 
Underground Cable, Nippon Denryoku K. K., 
1 Sozecho Kita-Ku, Osaka, Japan. 
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*ZUCKER, MYRON, Electrical Engineer, 
General Electric Co., Room 620, Bldg. 37, 
Schenectady, N. Y. 

Total 62. 

*Formerly enrolled students. 


ASSOCIATES REELECTED 
SEPTEMBER 19, 1927 


ANTON, GEORGE, Instructor, Fall River 
Technical High School, Fall River, Mass. 

BISDEE, COLIN E., Asst. Engineer, Hydro- 
electric Dept., Tasmania, Aust. 

OGDEN, PHILIP L., Asst. Engineer, Public 
Service Co. of No. Illinois, Room 1335, 72 W. 
Adams St., Chicago, Il. 

YEAGER, WILLIAM FRANKLIN, Consulting 
Engineer, Day & Zimmermann Eng. & Cons. 
Co., 1600 Walnut St., Philadelphia, Pa. 


MEMBERS ELECTED 
SEPTEMBER 19, 1927 


ATTWOOD, FREDERIC, European Engineer & 
General European Representative, Ohio 
Brass Co., Mansfield, Ohio; for mail, 18 
Rue de Tilsitt, Paris, France. 

FITZGERALD, ALAN STEWART, Engineer, 
Radio Engg. Dept., General Electric Co., 
Schenectady, N.Y. 

GALLEGO, ALEJANDRO, Mechanical Engineer, 
Obras Sanitarias de la Nacion, Calle Char- 
cas 1840, Buenos Aires, Arg. Rep., So. 
Amer. 


TRANSFERRED TO GRADE OF FELLOW 
SEPTEMBER 19, 1927 


BARNES, JAMES P., President, 
Railway Co., Louisville, Ky. 
MAHAN, JAMES S., Electrical and Fire Pre- 

vention Engineer, Western Actuarial Bureau, 
Chicago, Il. 
TEMPLIN, JOHN R., Consulting Electrical 
Engineer, Christchurch, N. Z. 


Louisville 


TRANSFERRED TO GRADE OF MEMBER 
SEPTEMBER 19, 1927 


BINNS, ARTHUR P., Electrical Engineer, Hy- 
dro-electric Department, Hobart, Tasmania. 


HANCOCK, ROBERT E., Civil Engineer Corps, 
U.S. Navy, U. S. Naval Station, Cavite, P. I. 


PARROTT, REGINALD G., Manager for South 
America (Except Brazil), Metropolitan 
Vickers Electrical Export Co., Ltd., Buenos 
Aires, Argentina, 8. A. 


SERVOS, FREDERICK M., Chief Electrical 
Engineer, Rio de Janeiro Tramway Light & 
Power Co. Ltd., Rio de Janeiro, Brazil, 
S.A. 


SIMPSON, SIDNEY, Consulting Engineer, 
Messrs. Thomas Cook & Son, Ltd., Hornby 
Rd., Bombay, India. 


INSTITUTE AND RELATED ACTIVITIES 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, under date of Sep- 
tember 14, 1927, recommended the following 
member for transfer to the grade of membership 
indicated. Any objection to this transfer should 
be filed at once with the National Secretary. 


To Grade of Member 
WISE, JOHN S., Jr., Operating Manager, 
Pennsylvania Power & Light Co., Allentown, 
Pa. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before October 31, 1927. 
Albert, C., Electrical 
New York, N. Y. 

Bakker, J. B., Great Western Power Co., Oakland, 
Calif. 

Baldwin, B. W., Pacific States Electric Co., 
Seattle, Wash. 
(Applicant for re-election.) 

Barton, C. G., Ramapo Ajax Corp., Hillburn, 
IN Gee 

Bessey, C. E., Ratheon Mfg. Co., Cambridge, 
Mass. 
Betz, P. L., Consolidated Gas, Elec. Light & 
Power Co. of Baltimore, Baltimore, Md, 
Biche, L. L., (Member), Genera! Electric Co., 
Pittsfield, Mass. 

Brett, R. T., Contractor Dealer, Akron, Ohio 

Bryan, D. N., Oregon Short Line Railroad Co., 
Porcatello, Idaho ; 

Byrns, W. J., with C. W. Greene, 1463 Broadway, 
New York, N. Y. 

Christen, A. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Craft, J. G., Consolidated Mining & Smelting Co., 
rai: B ©, . Can. 

Dettmer, A. W., Commonwealth Edison Co., 
Chicago, Il. 

Donovan, G. M., Canadian General Electric Co., 
Ltd., Toronto, Ont., Can. 

Edens, J. H., Western Electric Co., Inc., New 
York, N.Y. 

Farrell, J. B., Toronto Hydro Electric System, 
Toronto, Ont., Can. 

Gailey, H. M., Curlett & Beelman, Los Angeles, 
Calif. 

Garland, Raymond G., Illinois Glass Co., Gas 
City, Ind. 

Halfvarson, G. A., Westinghouse Elec, & Mfg. 
Co., East Pittsburgh, Pa. 

Harker, D. C., Westinghouse Elec. & Mfg. Co.* 
San Francisco, Calif. 

Helfman, 8S. J., Duquesne Light Co., Pittsburgh, 
Pay 


Testing Laboratories, 


Journal A. I. E. EB. 


Hind, R. F., New York Central Railroad, New 
VOT INE 

Kirkendall, W. E., Los Angeles Railway, Los 
Angeles, Calif. 

Lynch, F. E., New York Edison Co., New York, 
IN Ye 

Martin, L. D., General Electric Co., St. Louis, Mo. 

Morrissey, W. J., New York Edison Co., New 


orks News 
Nott, L. A., Sangamo Electric Co., San Francisco, 
Calif. 


Olsen, W., American Elevator & Machine Corp., 
New York, N. Y. : 

Richardson, H. M., General Electric Co., Schenec- 
tady, N. Y. 

Riddle, A., B. C. Electric Railway Co., Vancouver, 
B.C., Can. 

Sandstrom, E. H., Pacific Tel. & Tel. Co., San 
Francisco, Calif. 

Smith, H. S., Pacific States Electric Co., Seattle, 
Wash. 

Stainback, R. F., Carolina Power & Light Co., 
Laurinburg, N.C. 

Swanberg, O. A., Wilson-Maeulen Co., Bronx, 
New York, N.Y. 

Teommey, G. H., Jr., Brooklyn Edison Co., Inc., 

- Brooklyn, N.Y. 

Thomas, H. E., Victor Talking Machine Co., 
Camden, N.J. F 

Thomson, B. C., Regina Photo Supply, Ltd., 
Regina, Sask., Can. 

Torok, J. J., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Vander Schaaf, W. D., Public Service Production 
Co., Newark, N. J. 

Wemple, H. R., Jr., Claude Neon Lights, Inc., 
New York, N. Y. 

Total 40. 


Foreign 

Griffiths, J. L., (Wember), East Indian Railway, 
Charbagh, Lucknow, V.:P., India 

Hind, B. S., (Member), Andes Copper Mining Co., 
Casilla B, via Antofagasta, Chile, S. A. 

Monkhouse, W. I., Dept. of Public Works, 
Brisbane, Queensland, Australia 

Patel, K. B., (Member), Great Indian Peninsula 
Railway, Matunga, Bombay 19, India 

Rajah, D. S., Electrical Engineer, Nellikuppam, 
Madras, India 

Rao, K. M.,M. & S.M. Railway, Madras, India 

Spencer, D. N., Guatemala Gold Dredging Co., 
Morales, Guatemala, C, A. 

Tuck, H. P., The University of Tasmania, Hobart, 
Tasmania 

Total 8. 


STUDENTS ENROLLED 
Goldsmith, Sidney, University of Cincinnati 
Jones, Elton W., University of Maine 
Purssell, Roger W., Mass. Institute of Technology 
St. Louis, James A., Mass. Institute of Technology 
Total 4. 
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GEorRGE L. KNIGHT 
H. H. SCHOOLFIELD 
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Managers 
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A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the September 


issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXECUTIVE, B. Gherardi 


Finance, H. A. Kidder 


MEETINGS AND PAPERS, 


H. P. Charlesworth 


PUBLICATION, E. B. Meyer 
COORDINATION OF INSTITUTE ActTiviTiIEs, G. L. Knight 
BoarpD OF EXAMINERS, E. H. Everit 
SecTIOoNsS, W. B. Kouwenhoven 
STUDENT BRANCHES, J. L. Beaver 
MEMBERSHIP, E. B. Merriam 
HEADQUARTERS, G. L. Knight 


Law, C. O. Bickelhaupt 


Pustic Poricy, H. W. Buck 
STANDARDS, J. Franklin Meyer 
Epison MeEpAL, M. I. Pupin 
CODE OF PRINCIPLES OF PROFESSIONAL ConpbuctT, John W. Lieb 
COLUMBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 


Name 
Akron 
Atlanta 
Baltimore 
Boston 
Chicago 
Cincinnati 
Cleveland 
Columbus 
Connecticut 
Denver 


Detroit-Ann Arbor 
Erie 


Fort Wayne 


Chairman 
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Awarp OF INSTITUTE Prizes, H. P. Charlesworth 
SAFETY CopEs, J. P. Jackson 


SPECIAL COMMITTEES 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ArrTS, J. P. Jackson 
LICENSING OF ENGINEERS, Francis Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, Chester Lichtenberg 

Communication, H. W. Drake 

EpucaTIon, P. M. LIncoLn 

ELEecTRICAL MACHINERY, F. D. Newbury 

ELectric WELDING, J. C. Lincoln 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
Exvectropuysics, V. Karapetoff 

INSTRUMENTS AND MEASUREMENTS, J. R. Craighead 
APPLICATIONS TO IRON AND STEEL Propuction, A. G. Pierce 
PRODUCTION AND APPLICATION OF LiGuT, Preston S, Millar 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MintnGc Work, W. H. Lesser 

GENERAL Power AppLications, A. M. MacCutcheon 
POWER GENERATION, W. S. Gorsuch 

POWER TRANSMISSION AND DISTRIBUTION, Philip Torchio 
PROTECTIVE Devices, F. L. Hunt 

RESEARCH, F, W. Peek, Jr. 

TRANSPORTATION, J. V. B. Duer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the September issue of the JOURNAL.) 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 
AMERICAN COMMITTEE ON ELECTROLYSIS 
AMERICAN ENGINEERING COUNCIL 
AMERICAN ENGINEERING STANDARDS COMMITTEE 
AMERICAN MARINE STANDARDS COMMITTEE 
AMERICAN YEAR Book, ADVISORY BOARD 
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
CHARLES A, COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
ENGINEERING FOUNDATION BOARD 
Joun Fritz MEDAL Boarp or AWARD 
JoinT COMMITTEE ON WELDED RAIL JOINTS 
JoIntT CONFERENCE COMMITTEE OF FouR FOUNDERS SOCIETIES 
LIBRARY BoarD, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FrrE WASTE COUNCIL 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 
Rapio ADVISORY COMMITTEE, BUREAU OF STANDARDS 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


U. S. NationaL COMMITTEE OF THE INTERNATIONAL ILLUMINATION CoM- 
MISSION 


WASHINGTON AWARD, COMMISSION OF 


LIST OF SECTIONS 


Secretary 


A. L. Richmond 
C. E. Bennett 


W.B.Kouwenhoven 


W. A. Hillebrand, Ohio Insulator 
Co., Akron, Ohio 


W. F. Oliver, Box 2211, Atlanta, 
ae 


R. T. Greer, Madison St. Building, 
Baltimore, Md. 


University of 


E. W. Davis W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

B. E. Ward L. J. Vanhalanger, Conway Build- 
ing, Chicago, IIl. 

Ree. Bryer Leo Dorfman, Westinghouse Elec. 
& Mfg. Co., Cincinnati, Ohio 

A. M. Lloyd E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

F. C. Nesbitt W. E. Metzger, Interurban Termi- 
nal Bldg., Columbus, Ohio 

A. E. Knowlton R. G. Warner, Yale University, 
New Haven, Conn. 

A. L. Jones R. B. Bonney, Telephone Bldg., 
P. O. Box 960, Denver, Colo. 

F. H. Riddle Prof. A. H. Lovell, 
Michigan, Ann Arbor, Mich. 

L. H. Curtis (Ones ort oe County Elec. 
Co., Erie, P 

P. O. Noble F. W. Merit, ‘General Elec. Co., 


Fort Wayne, Ind. 


Name Chairman 


J. B. Bailey 


Secretary 


C. A. Fay, 4206 Cornelius Ave., 
Indianapolis, Ind. 

R. F. Chamberlain H. H. Race, Cornell University, 
Ithaca, N. Y. 

B. ms George, Kansas City Pr. & 

. Co., Kansas City, Mo. 
M. R. Woodward G. ow Brooks, Pennsylvania Pr. 
& Lt. Co., 8th & Hamilton Sts., 

Allentown, Pa. 

H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 


Indianapolis-Lafayette 


Ithaca 
Kansas City S. M. DeCamp 


Lehigh Valley 


Los Angeles L. C. Williams 


Louisville D.C. Jackson, Jr. W.C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

Lynn W. F. Dawson V. R. Holmgren, Gen. Elec. Co., 
Bldg. 64 G, Lynn, Mass. 

Madison J. T. Rood H. a Hunt, D. W. Mead and 

GuiVis Seastone, State Journal 

Bldg., Madison, Wis. 

Mexico Carlos Macias G. Solis-Payan, Ave. Portales 89, 
General Anaya, Mexico, D. F.. 
Mexico 

Milwaukee John D. Ball Wm. J. Ladwig, Wisconsin Tel. 
oe 418 Broadway, Milwaukee, 

Minnesota J. E. Sumpter ae Cooley, Rice & Atwater, 


St. Paul, Minn. 
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Name Secretary Chairman Name Secretary Chairman 
Nebraska N. W. Kingsley Roy Hagen, General Electric Co., Seattle C. R. Wallis Ray Rader, Puget Sound Pr. & 
Omaha, Nebraska Lt. Co., Seattle, Wash. 
New York L. W. W. Morrow J. B. Bassett, General Elec. Co., Sharon L. H. Hill H. B. West, Westinghouse Elec. 
120 Broadway, New York, N. Y. & Mfg. Co, Sharon, Pa. 
Niagara Frontier L. E. Imlay E. P. Harder, 205 Electric Build- Southern Virginia W. S. Rodman J. H. Berry, 1338 Rockbridge 
ing, Buffalo, N. Y. Ave., Norfolk, Va. 
Oklahoma Edwin Kurtz C. C. Stewart, Okla. Gas & Elec. Spokane L. R. Gamble James B. Fisken, Washington 
Co., Norman, Okla. Water Power Co., Lincoln & 
Panama L. W. Parsons M. P. Benninger, Box 174, Balboa Trent, Spokane, Wash. 
Heights, C. Z. Springfield, Mass. C. A. M. Weber B. V. K. French, American Bosch 
Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., Magneto Co., Springfield, Mass. 
Philadelphia, Pa. Syracuse C. E.. Dorr F. E. Verdin, 615 City Bank Bldg., 
Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- Syracuse, N. Y. 
burgh, Pittsburgh, Pa. Toledo T. J. Nolan Max Neuber, 1257 Fernwood Ave., 
Pittsfield H. 0. Stephens - F._R. Finch, General Electric Toede, Ohio 
Co., Pittsfield, Mass. Toronto C. E. Sisson F. F. Ambuhl, Toronto Hydro- 
Portland, Ore J. E. Yates ee Se eed Electric ecm Coe Bees St., 
Providence F. N. Tompkins F. W. Smith, Blackstone Valley Urbana J. O. Kraehenbuehl J. K. Tuthill, 106 Transportation 
Gas & Electric Co., Pawtucket, Bldg., University of Illinois, 
Ret Urbana, I 
Rochester R. D. De Wolf C. C. Eckhardt, Igrad Condenser Utah Daniel L. Brundige C. B. Shipp, General Electric Co., 
& vs Co.,26 Ave. D, Rochester, Salt Lake City, Utah 
St. Louis L. F. Woolston LP. Van Houten, 2670 Washing- Varconye: see ER J. ee eee ee a Vee 
; . ton Boulevard, St. Louis, Mo. B. C., Canada z < 
San: Francisco Discs Winter = lou 807 Rialto Bldg., p= Washington, D. C. M. G. Lloyd H. E. Bradley, Potomac Elec. 
Saskatchewan J. D. Peters Pe Brattle, Dept. of Tele- Pr. Co., 14th & C Sts., N. W., 
phones, Telephone Bldg., Re- Washington, D. C. 
gina, Sask., Canada Worcester Guy F. Woodward F. B. Crosby, Morgan Construc- 
Schenectady T. A Worcester R. F. Franklin, Room 301, Bldg. tion Co., 15 Belmont St., Wor- 
No. 41, General Elec. Co., cester, Mass. 
Schen ctady, N. Y. Total 52 
LIST OF BRANCHES 
Counselor 
Name and Location Chairman Secretary ,Member of Faculty) 
Akron, Municipal University of, Akron; "Ohiogscus. ec den enct cee ee cele ees C. R. Delagrange P. W Bierman J. T. Walther 
Alabama Polytechnic Institute; Auburn, “Alas. ccc. 50.0 eee cee ee tte es T. S. Lynch P. E. Sandlin W. W. Hill 
‘Alabama; University sof, University, Ala scsecsloc. ck sewer ates cies onminin sisi sietets Sewell St. John J. M. Cardwell, Jr. 
Arizona UniversityOf, .LuCSOm, tATIZ coc aesceur een ek cree tale sno arcane eekerns uve eelieeetyennitel 6 Gary Mitchell Audley Sharpe J. C. Clark 
Arkansas; University of, Fayetteville; Anke .2. Sai, cock eee a swf eaiaies oye wb Carroll Walsh W.H. Mann, Jr. W. B. Stelzner 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson H. T. Dahlgren D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. William Berger Joseph Heller Robin Beach 
BucknelUniversity, Wewisbure, Pa cars otc clas < eoeere 5 2 svtorate siete (ona ceo aile a[ cna tebavera teva G. B. Timm . A. C. Urffer W.K Rhodes 
California Institute of Technology, Pasadena, Calif.......... 0.0... e cece eee J. W. Thatcher J. G. Kuhn R. W. Sorensen 
Californias, Universityrolserkeleyy Galitisaaceiie sere siete e mieparcslcsn care 6h et eyeyst orate A. G. Montin R. T. Montin T. C. McFarland 
Carnegie Institute of Technology, Pittsburgh, Pa. 3... 6... cee ee tee cee R. A. Giles J. R. Britton B. C. Dennison 
Case Scnool'of Applied Science, Cleveland) ‘Ohio. cis c..: ere aiets wend nc eels aw eros G. J. Currie R. C. Taylor H. B. Dates 
Catholic University of America, Washington, D: Co. t onc ce cee cca cleens sles Wm. S. Sparks C. S. Daily, Jr. T. J. MacKavanaugh 
EMCINNAL TUDIVELSICV LOL) CCID bly) O satay staieh slot chose loee resales ethereal sie: ele evs wrsttene eas C. W. Taylor W. C. Osterbrock W. C. Osterbrock 
Clarkson Gollege-of Technology, Potsdamy Nie Xie. ce as ste ole ortinie el eielsisreisia. 0 cnals H. J. Myrback W. E. Turnbull A. R. Powers 
Clemson Agricultural College, Clemson College, 8. C........... eee ee eee L. R. Miller J. U. Wilson S. R. Rhodes 
Colorado wUniversityoor. (solder 1 COLO}. musa cllcieicrus 2a sce Ome e oats sha eet J. A. Setter R. D. Palmer W. C. DuVall 
Colorado State Agricultural College, Fort Collins, Colo........... cee e eee eae Harold Groat Howard Steinmetz H. G. Jordan 
Cooper UNION MINE W.r\ OLIcmNIet Mictcietoes clesouse Sue eevee ore stew sv olwneig hielauer ete osielede kee E. T. Reynolds Wilfred Henschel N. L. Towle 
Denver pUniversityOr. Denver COLO inayat at cisia nie 6 santteres eiolers mya nieeesntere sepa aie G. K. Baker L. L. Booth R. E. Nyswander 
Drexel UnStitute, ptAadelpHia,, kat srani aia sceliyercrauy) olsearay eis) sins caste areas ude meee levoks J. E. Young C. J. Backman E. O. Lange 
DUC IU TV ELrSitys Ur an AIN oi Cee tach + cosine te stoph tocema kota egal em aaa es naga Caer inet sae O. T. Colclough F. A. Bevacqua W. J. Seeley 
lorida University of; Gaimmesvaillet: Plaite.. cmvereyeit can eieie siaveva and te ose ane ere anaevara tate W. H. Johnson A. C. Dean J. M. Weil 
Georgia School of Technology, Atlanta, Gal.ac cee tetas ota tt ale als vice auerarerevaielelel es W. M. McGraw F. L. Kaestle E. S. Hannaford 
Vdahos MU NIVELSityiOl sn VLOBCOW: UAAPO ls fi stete: 5 'e cls ene ecetesersus its siee mise ave Wishsuontuefspisie eneieee R. G. Elliott F. B. Peterson J. H. Johnson 
Rowa' state Colleges Ames; Lowaicsccat ce eic.sgits ale reais deiaye stereos s euscehis gis sigtert cleats A. G. Baumgartner J. B. Cecil F. A. Fish 
TowaaotatesU Miversity Of Lowa nCiby LO wa a-ouciteus ice, cievarst ar arenetensuate erebitene are) ae) tua ie Theo. Van Law E. J. Hartman A. H. Ford 
Kansas State College, Manhattan, Kansas.............. MV coeyadate- siahentavemereustorsneters A. M. Young John Yost R. G. Kloeffler 
Kansas OUniversitysol lawrence Kans 6 entry «is. qocave.asslsuoitietmsuanet eianereteearete/s; cfeuetattls Claire Williamson D. M. Black G. C. Shaad 
Kentucky University Ors exin obOnye hay: dec certin vs crnistteiecs aie aae is Galt clues atactie.ane’s R. W. Spicer C. D. McClanahan 
Lafayette College; Hast 7 barcsiccty cielo siac steel vintages = hitieapetnie mh aurtves Gusenseare 3 Herbert Heinrich Daniel Paul Morland King 
Lehigh University mb ebiiciexicel a anni iene a's faiaie stm. cnesaunleregel vusioeiauelele seis eitiess ele iiels H. C. Towle, Jr. W. D. Goodale, Jr. J. L. Beaver 
Dewistinstitute; Chicago; ils fi ccr vd oroclenp saree eb uleras Yonnave ees oar were Due slayer L. F. Masonick G. M. Berg F. A. Rogers 
Louisiana State University,, Baton Rouge, Wari genic ss.s- 0 9'ee swiss stele galery cise R. C. Alley W.S. Marks M. B. Voorhies 
Maines University of, Orona, Maine isa srpercieys ici e'> vel 4 ort sa yee wes erematatere otelereitelnieys R. F. Scott E. W. Jones Wm. E. Barrows, Jr. 
Marquette University, 1200 Sycamore St., Milwaukee, Wis...........20e0e0ee J. R. Adriansen H. J. Lavigne J. F. H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass............00+e00e05 W. M. Hall H. F. Krantz W..H. Timbie 
Michigan) State College; Bast Bansing, Miche wens mc. ccsciiciie sae deielsiaielene sis H. E. Hunt S. W. Luther L. S. Foltz 
Michigan; University of, Ann Arbor, Mich weet «leieies «ieee cleie + ele ialgietaioiisie » L. J. VanTuyl W. E. Reichle B. F. Bailey 
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis.......... Joseph Havlick H. F. Brundage John D. Ball 
Minnesota, University of; Minneapolis, Minnes.25.. 55 ...cc cna eaetvuaveuuvens G. C. Brown G. C. Hawkins H. Kuhlmann 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton B. W. Robins L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo.............00 cece ee cease H. H. Brittingham E. J. Gregory I. H. Lovett 
Missouri; University of; Columbia, (Mons sachet ciectiere erik e’s.cis weotecnse leech: slot annlenererens C. E. Schooley W. D. Johnson M. P. Weinbach 
Montana.State College; Bozeman, Montiig, acca cite mas cieeecin ees e Le rere W.E. Pakala J. A. Thaler J. A. Thaler 
Nebraska; University of, (cincoln,, Nepaan.« ce sntisie sg oes one a oats caters wiierateciehoeiere W. A. Van Wie Keith Davis F. W. Norris 
Wevada, University off Reno Nevada sac. occ cc eos enc ain rears eee anor arenenoes K. K. Knopf Clark Amens S. G. Palmer 
Newark College of Engineering, 367 High St., Newark, New Jersey..... ....-- E. S. Bush C. H. Clarendon, Jr. j. C. Peet 
New Hampshire, University of, Durbamiy Noi Hincee ceca octets arent Uni ntetenrisis S. S. Appleton H. B. Rose L. W. Hitchcock 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y....Joseph Leipziger A H. Rapport Harry Baum 
New York University, University Heights, New York, N. Y..........c0eeeeeee H. U. Hefty Henry Och J. Loring Arnold 
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Counselor 
Name and Location Chairman Secretary (Member of Faculty) 

North Carolinarstate College, Raleigh, (Nie Cs sre via ee cole wis tines vcr ele tis eon ore J. C. Davis T. C. Farmer 
NorthiCarolina University cor,i@hapel Fill) NiCr elec vaieitisialelslotsies crsige el einen D M. Holshouser W. C. Burnett P. H. Daggett 
North Dakota, University of, University Station, Grand Forks, N. D...........Alfred Botten Nels Anderson D. R. Jenkins 
Northeastern University, 316 Huntington Ave., Boston.17, Mass............-- L. A. Smith C. S. Porter Wm. L. Smith 
Notre-Danic, University of; Notre-Dame, Ind)c056 See sigelns Gecacawanes bees W. C. Davis C. H. Schamel J. A. Caparo 
Ohio Northern Universitys Ada, iO 5-2 sncsie ahs series aie ot sy ayetlon d vaitie 60 Gisieahe John Simmons Verl Jenkins I. S Campbell 
Ohio: Staten University, Columbus; Osco. ccpsvalecersrsisie ccleters scepiels «1 oes aletese oheiaie A. B. Crawford L. G. Stewart F. C. Caldwell 
OHosnIVeralty se NEN COS h Oars sae the vk eel Sucye fia seins dol Fin) saale or sit BARA ayerexeie'e sunoiece © Clarence Kelch G. R. Smith A A. Atkinson 
OklahomayAce & NM. College, Stillwater, OKA ci 2. snares loleie inl caste sia secu ee eie’e eis. Benny Fonts Jerry Robertson Edwin Kurtz 
Oklahoma, Uiversity, O16. (Normans Olcians wreenisetee cists avers siete soctele ate cia she etastnee ies Dick Mason S. Hannon F. G. Tappan 
Orevon'AgriculturaliCollege; Corvallis) Ore) ju. cei eae «cieveva dices bivie dieeW Glee vse s J. D. Hertz Richard Setterstrom F. O. McMillan 
Pentsylvania State College, State iCollege, Pa... occ oa ciesrsisies ww eis.e se preicpane le» Carl Dannerth W. J. Gorman L. A. Doggett 
Pennsyivania, University of, Philadelphia, Paw. ccc. ccacvecce covwareveervnseies Wm. H. Hamilton S. R. Warren, Jr. C. D. Fawcett 
Pittshurphe niversity, Ofer itcsbuteh: bac. tacit cise cae cick clea scahaet sau ones M. G. Jarrett D. P. Mitchell H. E. Dyche 
PTINCCLONIUMIVETSIOV, PLINCECOM PIN daleidisleil eis ole sa W ere a) asreltieocileennaw eas as John Reine J. McN. Myers Malcolm MacLaren 
Purdue University, Lafayette, Indiana.......... M caeh Siga alias vate eaual wei avayrete, aie aier eka ters H. L. Lindstrom H. A. Hartley A. N. Topping 
Riengselaer Polytechnic WHStittte, Dro y,c Nien Vicremsie acs oie eseuslrais) rele) aywis fein; » ¢ andi syersve's W. F. Hess B. S. Morehouse F. M. Sebast 
Rhoedeusiand: state Collevesmkmeston: Red suck caincwleie «ois avale ss ore spon «erate auayers C. F. Easterbrooks Charles Miller Wm. Anderson 
Rose Polytechnic Institute, Terre Hautes Ind. 4.2 oc 0 coe cc ce ceh soene ee ce D. L. Fenner W.F. A. Hammerling C. C. Knipmeyer 
RULES PUNIVOLSILY, MNEW 1UINS WACK, VINE, Jisratiis: nye eee s lola siensiecsie « cleleldleduete bsleuereieais N. A. Kieb J. E. Conover 
SantauClara, University.of, wanta Clara, Calif. ris «civic: oein stoletesey's Mids, d al@en R. P. O’Brien C. E. Newton 
South Dakota State School of Mines, Rapid City, S. D.................0005- D. A. White Harold Eade J. O. Kammerman 
SouthsDakota, University-O1, Vermillion), SoD). scrverics, 6 oes efeys sieve -atgversie sin sun ace Stanley Boegler L. E. Crowell B. B. Brackett 
Southern California, University of, Los Angeles, Calif...........-.20-00eeeeee Gilbert Dunstan Osborne Hatch P. S. Biegler 
Stanford University, Stanford University; Califiis..c.cc e008 secs cess eeveecese D. E. Chambers T. L. Lenzen T. H. Morgan 
Stevens Institute of Technology, Hoboken, N. J....... Ae ists operate wreut evened ore D. B. Wesstrom G. E. Witham F. C. Stockwell 
SwWartimore COuege oO waAGhhinOre, oa cine Rea leyeregeie sie ie) islaudisys etwieyhie ojos vie «elias ¥< T. C. Lightfoot W. F. Denkhaus Lewis Fussell 
SVLACUSEUMIVELSILY MSU LACTISCS AN Mcercreluccrolerecerandh ever o1.ole.¥ Guero oksvol ey aevierecoh'or01 we, 6 wiles E. D. Lynde TP) Hall C. W. Henderson 
MERRESSEE, MUDIVEFSICY Oly FCTIOZVILIG, “LEMM sais sicscn cers ce sie de eee ete vee eee os F. N. Green B. M. Gallaher C. A. Perkins 
PLOXOGoA.m eo 4. Oolegeror, College Station, ‘Lexas...c i ccicc cs ce vice e eee we C. A. Altenbern Je Lebratt C..CaVates 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 

Flocdlighting.—Bulletin GHA 161-A, 24 pp. Describes 
floodlighting projectors for buildings and also searchlight and 
airport lighting. General Electric Company, Schenectady, N. Y. 

Insulators.—Catalog B-27, 64 pp. Describes Thomas 
pin-type insulators. The R. Thomas & Sons Company, East 
Liverpool, Ohio. 

Turbine Generators.—Bulletin 20293, 8 pp. Describes 
geared turbine generator units, for a-c. and d-c. operation, 
75 to 500 kw. Westinghouse Electric & Mfg. Company, East 
Pittsburgh, Penn. 

Commutator Undercutters.—Catalog No. 9. Describes 
eleven different types of motor driven commutator undercutters 
and slotters. Martindale Electric Company, 1254 West 4th 
Street, Cleveland, Ohio. 

Motors.—Bulletin 151, 8 pp. Deseribes the new line of 
Wagner air-jacketed motors, 1 to 30 h. p. Bulletin 152, 4 pp. 
Deseribes Wagner across-the-line squirrel cage motors up to 
20 h. p. Wagner Electric Corporation, St. Louis, Mo. 

Safety Switches.—Catalog 27, 36 pp. Describes ‘Bull 
Dog” safety switches. Feeder Panelboards.—Bulletin 130, 
16 pp. Deseribes “Unit-Versal SaftoFuse’’ power and light 
distributing feeder panelboards. Bull Dog Electric Products 
Co., Detroit, Mich. 

Controllers.—Bulletin 410, 4 pp. Describes types E-2100 
and E-2200 Allen-Bradley controlling rheostats. These are 
used largely in battery charging applications, but are also widely 
employed for general purposes. Bulletin 704, 4 pp., describes 
type J-1552 alternating-current reversing switches. In general, 
these are used for reversing two- and three-phase motors and may 
be used for reversing certain types of single-phase motors. 
Bulletin 709, 4 pp., deseribes type J-1552 across-the-line 
starting switches. These are designed for starting small single- 
phase and polyphase motors. Allen-Bradley Company, 496 
Clinton Street, Milwaukee, Wis. 

**The Lengthening of Niagara Falls’’ is the title of an attrac- 
tive, handsomely illustrated in colors, 32-page booklet issued by the 
Buffalo, Niagara & Eastern Power Corporation, 600 Electric 
Building, Buffalo, N. Y. It describes a plan for moderating the 
force of the waterflow over the Horseshoe Falls, which is con- 
sidered necessary if the American Falls are to be saved from dete- 
rioration. The power development at Niagara Falls is also 
touched upon in the booklet. 


NOTES OF THE INDUSTRY 


The Hoosier Engineering Company, erectors of trans- 
mission lines, announce the establishment:of their general offices 
at 100 W. Monroe Street, Chicago. Branches are located in 
New York City and Indianapolis. 

The Westburg Engineering Company, Chicago, Illinois, 
announce that they have been appointed district representatives 
for the Western Electro-Mechanical Company, Inc., Oakland, 
California, manufacturers of standard a-e. line current test sets; 
Knopp multi-range a-c. ammeters; automatic reclosing equip- 
ment for oil circuit breakers. 

The New Departure Manufacturing Company, Bristol, 
Conn., announce that the increasing demand for New Departure 
ball bearings on the Pacific Coast has made it necessary to 
establish a branch engineering office at San Francisco. Elliott 
A. Allen has been appointed resident manager, with offices at 
1812 Van Ness Avenue, San Francisco. Under this new ar- 
rangement the Pacific Coast will be served in an engineering as 
well as a sales capacity for the New Departure product. 

The Wade Engineering Company, Los Angeles, Cal., 
who handle the products of the Lincoln Electric Company, 
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Cleveland, announce that their northern office has been moved 
from 69 Webster Street, Oakland, to 533 Market Street, San 
Francisco. The increased sale of ‘‘Line-Weld’’ motors and 
‘“Stable-Are’’ welders has necessitated a much larger stock, and 
increased space has been found necessary. 

The James R. Kearney Corporation, St. Louis, Mo., 
announce the following recent additions to their sales organiza- 
tion: A. F. Zerbst, in the states of Florida, Georgia, Alabama, 
North Carolina, South Carolina, and part of Tennessee. Mr. 
Zerbst was formerly connected with the A. T. & T. of Atlanta, Ga.; 
general superintendent of the Panhandle Power and Light Co., 
Borger, Texas; and in the statistical engineering department 
of the Kansas City Power and Light Company. Oscar Marcu- — 
sen, in parts of New York, Ohio, and Kentucky. Mr. Mareusen 
was formerly with the Iowa State Board of Railroad Commis- 
sioners, Des Moines, Iowa, in the capacity of assistant electrical 
engineer. 
Virginia, and Ohio. He was formerly with the Franklin Steel 
Co., Electrical Service Supplies Co. of Philadelphia, H. C. Fry 
Glass Co. of Rochester, Pa., and is now identified with his own 
selling organization, the Continental Sales and Engineering 
Co., of Pittsburgh. A. W. Marshall, in parts of Kentucky and 
Indiana. Mr. Marshall has his own organization, located in 
Louisville, Ky. J. G. Smith, in all of Canada west and north 
of Port Arthur, with headquarters in Winnepeg, Manitoba. 
H. C. Fiske has been transferred to the Chicago territory cover- 
ing parts of Wisconsin, Michigan, Ohio, Illinois, and Indiana. 
E. J. DeRight is now covering parts of Missouri, Arkansas, 
Mississippi, Tennessee, Kentucky and Illinois. 

Largest Storage Battery Locomotive. The largest storage 
battery locomotive in the world, weighing 110 tons and capable 
of hauling a 1500-ton train, has just been purchased by the 
State Line Generating Company for service in its yards at 
Hammond, Ind. This locomotive, built by the General Electric 
and Electric Storage Battery Companies, has all the advantages 
of an electric locomotive but does not require an overhead trolley 
or third rail for its power. It is noiseless and smokeless in opera- _ 
tion, and can accelerate quicker and move a heavy load much 
faster than other types of switching locomotives. 

Its huge storage battery, weighing 39 tons, the largest ever 
manufactured for this purpose, will deliver 1000 horse power 
to the driving motors. This power is equivalent to 1579 six- 
volt batteries such as used for radio purposes, or is sufficient to 
crank 1600 automobiles simultaneously. A motor-generator 
set installed in the cab will permit the charging of the battery 
from a 2300-volt circuit in the plant. 

TS ED 

Warren F. Hubley, president, treasurer and general manager 
of the American Transformer Company, of Newark, N. J., died 
suddenly on September 19, at the age of 47. 

His service with the American Transformer Company dated 
from 1901 to the present time, a period of twenty-six years. 
He was treasurer of the Institute of Radio Engineers for eight 
years and active in N. BE. M. A. work, being Chairman of the 
Parts Committee and a member of the Standards Committee. 
He was also a member of the Newark Athletic Club, Newark 
Country Club, Rotary, Radio Club of America, East Orange 
Rifle Club, Federated Welfare Committee of the Oranges, the 
Electrotechnical Society, besides other electrical societies and 
associations. Mr. Hubley was one of the vestrymen of Christ 
Chureh, East Orange, and funeral services were held from the 


church on Wednesday, September 21, 1927. 


A man of sterling character, his talents were devoted un- 
grudgingly to the electrical field and welfare work for the boys 
and girls and the needy in the community, as well as active work 
in all the organizations of which he was a member. 


Henry M. Hughes, in parts of Pennsylvania, West — | 


